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Starting with this issue a special feature 
department will concentrate on the cov- 
erage of information systems in control 
engineering. This department will permit 
increased emphasis on automatic data 
gathering, data transmission, data proc- 
essing, and information display. 





Shown below is a composite view of Librascope’s facilities where 

[| 4h ASCO PF a variety of computer systems are currently in different stages 
of design and production. Some are strategically involved with 

national defense...others deal with business and industrial process 

control. Each is uniquely designed to answer a particular need. The 

success of these systems illustrates the value of Librascope’s 

FAC LIT] a engineering philosophy: A decentralized organization of spe- 
cialized project teams responsible for assignments from concept to 

delivery...and backed up by excellent research, service, and production facil- 


ities. For your computer requirements, call on the company me whose breadth 


of diversification in computer technology is unsurpassed. f@ Librascope 


Division, General Precision, Inc., 808 Western Avenue, » Glendale, Calif. 


For career opportunities write to John Schmidt, Engineering » Employment. 


computers that pace man’s expanding mind 
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Less than 2uv of drift for over 400 hours of contin- 
uous operation! That’s just one of the many outstand- 
ing features of KIN TEL’s new 112A wideband DC 
amplifier—the unit that is the successor to KIN TEL’S 
111 series DC amplifiers. Frequency response is from 
DC to beyond 40 kc, output capability up to 45 
volts. It has an integral power supply, fits the same 
cabinets and modules, and can be used to replace any 
KIN TEL Model 111 amplifier. 


HIGH ACCURACY. The 112A amplifies microvolt-level 
signals from DC to 2 ke with a gain accuracy of 
+0.5% on any gain setting, better than +0.01% accu- 
racy on individual gain settings by means of the 
Micro-Gain adjustment. 

RELIABILITY. Overall dissipation has been reduced and 
reliability enhanced by replacing the tubes used in 
the 111 amplifier power supply with silicon rectifiers 
in the 112A. Special heat-conducting shields, heat 
sinks, and an improved mechanical layout further 
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improve cooling efficiency. Polystyrene capacitors 
are used in all critical areas. Rugged, militarized 
components are used wherever compatible with 
required performance characteristics. Write 


f 





today for technical information or demonstration. 


PRICES 
112A Amplifier with a 112A-A plug-in unit t 
permits 10 gain steps from 20 to 1000 wit! 
to 2 times vernier adjustment at each step 
112A Amplifier with a 112A-B plug-in 
nverts the amplifier to a +1 unit having 
an input impedance over 10,000 megohn 
accuracy within +0.001 $615 


$125 
191A Single amplifer 19” rack module 


$295 


unit tt 


195 Single amplifier cabinet 


190 Six amplifier 19” rack module 





Immediate delivery from stock in reasonable quantities. 
Representatives in all major cities. 
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DESIGNED FOR LOW LEVEL COMMUTATION 


a , 


TDA 875 SOLID STATE 


Differential 
and Single-Ended 


AMPLIFIER’ 


e Recovery from 500% overload in 300 
microseconds. 


e Output voltage clamped at +73 volts, 
can’t burn out delicate recording 
equipment. 


e Completely isolated, 3000 megohm 
leakage path to ground. 


Built to meet the needs of the engineer designing low-level multiplexing 
systems, Epsco-West’s new TDA 875 Differential Amplifier features 
high reliability, high gain, wide band-width, negligible drift, high ac/dc 
common mode rejection, low noise, fast rise time, fast recovery time, 
integral power supply, and high input impedance. No other amplifier 
combines all these design parameters to such a useful degree. 


DESCRIPTION 


The Model TDA 875 contains an integral 
power supply which operates from a 117- 
volt... 60-400 cps line, requiring only 15 
watts of power. Chopper drive circuits are 
included with each amplifier. 

Two modes of operation are available: 
differential and single-ended (potentiomet- 
ric); selection is made by means of a 
front panel control. Five fixed gains are 
also chosen by a front panel switch. 

In its differential mode, the amplifier pro- 
vides +10 volts at 10 milliamperes as its 
full scale output; in its single-ended mode, 
full scale output is +10 volts at 50 milli- 


amperes. High input impedance ensures 
that all transducer voltage will appear at 
the amplifier input terminals. Changes in 
transducer or line resistance will have 
little consequence. 


The Model TDA 875 Amplifier may be 
mounted in the Model TDA 870A Carry- 
ing Case for easy portability, or in the 
Model TDA 870 Rack Adapter which 
holds 5 amplifiers in a standard 19-inch 
relay rack. 

*One of six new E-W amplifiers now avail- 

able to meet your low-level instrumentation 

needs. 


Ask your nearby Epsco-West engineering representative to demon- 
strate these new amplifiers. For complete technical information, 
write for Brochure No. 875. Please address Dept. 21. 


Epsco-West 


A Division of Epsco, Inc. 
240 E. PALAIS RD., ANAHEIM, CALIF. »* PROSPECT 2-1000 
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CRITICAL SPECIFICATIONS 
(Differential Mode) 

VOLTAGE GAIN 

Fixed steps of 1000, 500, 200, 

100, 50. Lower gains optional. 

LINEARITY 

+0.05% of full scale (20 volts at dc) 

INPUT IMPEDANCE 

Greater than 100 megohms shunted 

by 0.002 microfarad. 

COMMON MODE LEVEL 

+300 voits dc, 117 volts rms ac 

TRANSIENT COMMON 

MODE RECOVERY 

300 volt step of common mode 

voltage does not cause overload. 

DRIFT — 40 HOURS 

+2 microvoits referred to the input, 

plus +0.02% of full scale at 25°C. 

DRIFT —6 MONTHS 

+4microvolts referred to the input, 

plus +0.02% of full scale at 25°C. 

NOISE REFERRED TO THE INPUT 

Less than 2 microvolts peak-to-peak 

(99% confidence) from dc to 20 cps. 

Less than 5 microvoits rms from 

dc to 5 kc for source resistances 

of 1000 ohms or less. 

SETTING TIME 

300 microseconds to within 1% 

of final value all ranges. 

OVERLOAD RECOVERY TIME 

300 microseconds or less to within 

1% of final value from 

500% overload. 

SHORT CIRCUIT PROTECTION 

Sustained output short circuit 

will not damage amplifier. 
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65 Hot Gas Control Systems—I: Basic Design Techniques 
A. E. SCHMIDLIN of Walter Kidde starts a three-part series explaining what hot gas 


reactive and servoactuator systems are, where to use them, and how to select hardware. 


71 New Continuous Path System Uses DDA Interpolator 
H. B. HENEGAR of the Bendix Corp. uses.a digital differential analyzer to perform 
direct linear and circular interpolation in the Dynapath machine tool control system. 


Multiple Columns in Chromatography 
W. J. BAKER and T. L. ZINN of Monsanto explain the significant ways and benefits 
of using additional storing and backflushing columns to improve in-plant analyses. 


Data File 44—Guide to Semiconductor Voltage Regulators 
L. BLOOM of General Instrument Corp. offers a simplified procedure and chart to 


select the most appropriate solid state voltage regulator to fit the regulated circuit. 


Incremental Servos—III: 16 Applications for Stepper Motors 
S. J. BAILEY of. Vitro Corp. of America follows up his two previous articles on 


incremental servos with selected usages ranging from converters to error-signal memories. 


Discontinuous Control Stops Train Accurately 
I’. ITO of the Japanese National Railways follows through the development of auto- 
matic braking apparatus for rapid transit trains that positions the train within 4 in. 


Predicting Performance of Metering Pumps 
A. BEERBOWER of Esso Research derives a figure of merit for metering pumps and 


uses it to select a pump and anticipate its performance when scaling up a process plant. 


Logic Synthesis Plus Breadboarding Yields Gray Code Counter 
H. W. MERGLER of Case Institute advocates the checkout of a breadboarded logic 
module circuit before final design packaging in developing even simple digital systems. 


INFORMATION SYSTEMS 


The Whys and Wherefores of Information Systems 
FE. ]. KOMPASS of Conrrot Encineerinc sketches coverage of a new feature depart- 


ment for better coordination between information technology and equipment trends. 


Job Shop Production Control on a Computer 
M. REID of McGraw-Hill News tells how Bell Helicopter consolidated paperwork into 
a computer-run organization that cut inventory by $500,000 and lead time by one-half. 


Automatic Plotting of Digital Computer Results 
M. BAIN of Jet Propulsion Lab. and R. N. FLANDERS of F. L. Moseley join forces 
in describing unique plotting system that turns computer digits into continuous curves. 


Continued on next page * 





IDEAS AT WORK 


Movie Projector Programs Automobile Checkout 

W. PERRY of McGraw-Hill News describes analyzer for electrically testing Lincolns. 
Missile Checker Shows Percent of Tolerance Used 

A. DOIG of De Havilland Aircraft, England, converts measurement to tolerance value. 
Computer Program Stored in Ferrite Plugs 

Ferranti Ltd.'s computer stores 1,024 words on semipermanent mutual inductance board. 
Meter Movement Sets Camera Exposure 

The new Leitz Leicana movie camera positions aperture with photoresistor and coil. 
Cam Follower Controls Pneumatic-Hydraulic Actuator 

A. M, FUCHS and K. ZEUNER of Boonshaft & Fuchs reveal powerful control muscle. 





WHAT’S NEW IN THE CONTROL FIELD 


Newsbreaks in Control 
l'ape control for grinder; London banks choose U.S. character codes; computer for TVA. 
Control News Potpourri 


Optical reader in setback; thin films in computer memory; plan temperature symposium 


Electronic Telephone Switching Makes Debut 
Illinois town enjoys computer-programmed telephoning with intriguing two-digit benchits 
Computers Set to Guide Oil Companies’ Operations 


I'wo refiners have set up computer nets to solve operating and distribution problems. 


Cold Tunneling Device is Latest Advance 
With characteristics similar to tunnel diode, device may open way to new components. 
New Controls Boom Italian Machine Tools 


Sophisticated systems and a turnabout by labor toward automatic tools spark renaissance. 





Control Personality-CHARLES E. FAULKNER 

Pioneering business systems engineer makes maximum use of electronic data processing. 
Industry's Pulse—How to Sell Europe’s Growing Market 

U. S. control makers can sell to Europe’s booming market if they take right approach. 
Editorial—One show would do 

Attendance at shows around the world points up need for one biennial all-control show. 
New Product Developments 

Relay-operated voltage divider; subminiature rate gyro; magnet-actuated air switch. 
Abstracts of Technical Papers 


Three possible computing-control solutions for generalized chemical processing model. 


10 Shoptalk 166 Bulletins & Catalogs 174 Meetings Ahead 
14 Feedback 172 New Books 176 Reprints 
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Clear your 
maqgrzetic tape 


with CS Vi C’s 


NEW SOLVENT 
CLEANER. 


Information stored on tape is not disturbed in any way. No drop-out, 
no distortion, no tape stretch. Head wear and damage is 
reduced by eliminating abrasive particles from tape surfaces. 


All you have to do is put the tape in place and fill the solvent tank. 
The new CMC Model A-7070 cleaner does the rest automatically 
and speedily — with all scrubbing action taking place below 

the solvent level. It effectively cleans magnetic tape up to 2” in 
width at rates to 300 feet per minute with complete safety. 
Cleaning is accomplished by counter-rotating velvet covered 
scrubbing rollers, effectively removing ferrous oxide 

particles, dirt, lint, oil, fingerprints and wax. 


COMPLETELY SELF-CONTAINED. No vacuum pump or outside 


sources of air are required. 


FLUID CUSHION PROTECTS TAPE. The fluid solvent forms a barrier 
between the scrubbing roller and tape to prevent scratches and 
abrasions. Only velvet fibres lightly touch the film. 
6 y e ; 6 1 s 

SPEED CONTROL. Operate at any speed from 0 to 300 feet per If you have a tape cleaning problem, contact us and 

’ ‘ ? ‘ile arrange to have a sample tape cleaned for your in- 
minute with adjustable speed control. Automatic shut-off spection. Contact your local CMC representative for 
leaves unit threaded for continuous operation. complete technical details, or write for 4-page brochure. 


: ‘ ’ (Please address Dept. 21.) 
COMPLETELY SAFE. Uses only non-inflammable, non-explosive 


solvents. Fumes controlled. Automatic shut-off in case of 
defective splices. Computer 
Measurements 
Company 


A DIVISION OF PACIFIC INDUSTRIES,INC. 


AUTOMATIC REWIND. Makes necessary torque adjustment as 
reel size increases. 


LOW COST OPERATION. Solvents are continuously filtered and 
reclaimed; waste held to minimum. One pint of solvent cleans 


3,000 feet of 1” tape. 12970 BRADLEY AVE., SYLMAR, CALIFORNIA 
PRICE. Model A-7070 $5,500 f.0.b. Sylmar, California. Phone: EMpire 7-2161 


OoO-NOAh 00 N20 


—— 
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D-C AMPLIFIER EVALUATION 


ZERO 


Accuracy in d-c amplifiers is fun- 
damentally dependent on zero 
drift. This error, defined as any 
zero offset appearing at the ampli- 
fier output but not present in the 
input, is indistinguishable from the 
d-c input signal, and varies more 
or less sporadically with time and/ 
or ambient temperature. Elimina- 
tion of zero drift is a prime d-c 
amplifier design objective. 
Evaluation of the amplifier zero 
drift characteristic is quite simple, 
but elimination of the effect is not. 
For example, any direct-coupled 
stage of amplification will drift due 
to the inability of circuit operating 
levels to remain constant. The use 
of inverse feedback does not have 
any beneficial effect on drift. The 
best generally accepted method of 
drift elimination is to make all 
amplification drift-free through a-c 
coupling, and converting the in- 
coming d-c to a-c directly by 
means of a low-level modulator, 
such as a chopper or magnetic con- 
verter. After amplification, the a-c 
is demodulated into d-c which may 
be further amplified at high levels 
without appreciable zero error. 
This system is used in both the so- 
called chopper amplifier (where 
the band pass is limited: by the 
chopper frequency) and the chop- 
per-stabilized amplifier (where the 
chopper amplifier is combined with 
a wide band amplifier to give fre- 
quency responses well beyond the 
chopper excitation frequency). 


Testing Amplifiers for Zero Drift 


Zero drift is measured at the 
amplifier output with a strip chart 
potentiometer such as the Honey- 


CREE veers 
¢N 























well ElectroniK Recorder con- 
nected through a low pass filter as 
shown. The amplifier input should 
be shorted. Equivalent input drift 
is the absolute amount recorded at 
the output divided by the amplifier 
gain measured under known con- 
ditions of temperature and line 
voltage, and, if necessary, for a 
specified time. There do not seem 
to be agreed-upon definitions of 
short or long-term time periods. 
For further details, write for 
Bulletin BE AN122. 


6 CIRCLE 6 ON READER SERVICE CARD 


number 2 in a series 


DRIFT 


Zero Drift Less Than 0.02 
Per Cent at 10 mv 


The AccuData III, Honeywell’s 
all-transistor, wide-band, differen- 
tial input, chopper-stabilized, d-c 
amplifier, has the lowest drift of 
any amplifier in its field some- 
thing less than 0.5 microvolts at 
reasonably constant ambient tem- 
perature, or less than 2 »v with a 
10°F change in ambient. The effect 
of line voltage never exceeds 1 pv 
for a +10% change, hence, under 
conditions most frequently adver- 
tised for amplifiers, its zero error 
with a 10mv input signal would be 
less than 0.02% 


The AccuData III has single- 
ended as well as differential input 
ranges, input impedance of 2 meg- 
ohms differential (20 megohms 
single-ended), and power output 
sufficient to drive the highest fre- 
quency galvanometer oscillograph 
to its maximum deflection. In ad- 
dition to excellent drift character- 
istics, the AccuData III offers 
exceptional linearity, very low 
noise, and frequency response to 
20ke. Write for Bulletin BS-DISA- 
3 to Minneapolis-Honeywell, Bos- 
ton Division, Dept. 00, 40 Life 
Street, Boston 34, Mass. 


Honeywell 
Fiat i Control 


SINCE 18666 
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The new Burroughs BEAM-X Cou s the lowest cost 
transistorized decade counter avai ble. The DC-111 Counter, 
newest product of the Electronic Tube Division, combines the Beam-X 
switch with transistors in a circuit capable of resolving pulses 

at 110 Kc. Electrical outputs are provided to operate remote 

Nixie® tubes, printers, and to perform other circuit functions. 

This latest addition to the Burroughs Counter line makes possible 
a number of advantages never before available: 


e Use of new Beam-X switch—lowest cost, lightest 
weight, highest speed, smallest size 10 position 
electronic counting device. 


Te e@ Total power consumption of only two watts. 
Ser 


DC-106 
100 K c., commercial 


e Elimination of as many as ninety components 
from counting circuits. 


e Increased reliability due to component reduction 
and use of the ultra reliable Beam-X switch. 


This counter is designed as a plug-in module for use in computers, 
electronic counters, machine control, automation and test 
equipment and military systems. The units may be directly 
cascaded. They can be driven by a twelve-volt signal, and are 
compatible with existing transistor logic circuits. 
DC-130 
100 Kc., mil. spec. 


ANOTHER ELECTRONIC CONTRIBUTION BY 


FOR DETAILED INFORMATION, Burroughs Corporation 
+4 


e444 @2@e Tar @& 8 8 & TUBE Spevtisicon’ 
Plainfield. New Jersey 
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The “Button Diaphragm” Volumetric 
Pressure Element has a sensing head less 
than an inch in diameter and practically 
insensitive to process heat. It is available 
in three types of construction: Type 90— 
with rigid stem 5%’ long and with 
grooves for jack-out collar; Type 91—same 
with flange built on system; Type 92— 
same with hub built on system. Capillary 
connection permits “off-press” location 
of the instrument. Type 90 shown here is 
connected to a Taylor 726T Universal 
Electronic Indicating Transmitter. 
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high pressure measurement 


“ Button Diaphragm” 


Volumetric Pressure 


Systems .. + ddeal for 
high pressure extruders of all types 


For high pressure measurement in the extru- 
sion of synthetic fibres, plastics, films, etc., 
Taylor all-welded closed systems are far 
superior to anything previously used. The 
“Button Diaphragm” type shown at left has a 
sensing head less than 1” diameter. It is avail- 
able in a variety of ranges from 0-400 psi to 
0-15,000 psi. It gives accurate pressure meas- 
urement at Operating temperatures up to 
1500°F. It has these advantages: 

Less sensitive than a strain gage to high 

process temperatures. 

Eliminates troublesome leakage, due to 

sturdy welded construction. 


Easier to install and maintain. 











00000 
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Systems are factory assembled, filled and 
calibrated, insuring accurate measurement 
and eliminating the necessity of filling and 
adjusting in the field. They can be used with 
any Taylor pressure indicators, recorders, 
controllers or transmitters having Bourdon 
spring actuation. 

Taylor Volumetric Pressure Systems are also 
ideally suited for pressure measurement of 
difficult substances, such as slurries, corrosive 
fluids, colloidal suspensions or liquids that 
tend to jell in small pipes. 

Ask your Taylor Field Engineer, or write for 
Bulletin 98398. Taylor Instrument Companies, 
Rochester, New York, or Toronto, Ontario. 


Other types of all-welded volumetric pressure element available for pressures up to 1500 psi. Write for Bylletin 98365. 





Fig. 1—Type 107 Fig. 2—Type 104 Fig. 3—Type 105 Fig. 4—Type 106 
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The Story in 
Back 





of a Symbol 


Begin with a coil i for per- 


oe ‘ | 
ceiving electrical changes. Add two | 


arrows A 

ability into action. Now, | 
enclose in an ohm ay ...and | 
you have the signa ture of | 
the REGOHM® family. These con- 
trols, of pure simplicity and reli- | 


and convert sensing 


ability, are being used in over a 
million individual applications 
throughout the world. 


Consider one fast-rising scion of the 


family tree—the REGOHM Trans- | 


ducer. If you would like to make a 
mosquito move a mountain, the 
transducer will bring you close to 
the summit. A few grams of force 
causing less than ¥g inch movement 
effects direct control at the 4 kw 
level. 


Performance like this can signifi- 
cantly reduce costs in many control 
systems: Position, Tension, Weight, 


Loop, Speed, Pressure and others. 


ERC Engineers are ready to assist 
you with your application. To learn 
more about the REGOHM Trans- 


ducer, contact: 


ELECTRIC REGULATOR | 


® 
CORPORATION 


NORWALK, CONNECTICUT 


leaders in automatic control and regulation” 
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SHOPTALK 


Catalogs, computers, and now consulting 


Newly welcomed to Conrrot ENGINEERING’s distinguished 
consulting editor ranks is Charles E. Faulkner (see page 19) , 
computing center manager for Spiegel, Inc., the large Chicago 
catalog order firm. Charlie will advise on our coverage of his 
specialty, computers and information processing. He’ll have 
a big hand in guiding the progress of our new information 
systems section, which starts this month (page 103). Our 
sincere thanks go to Dr. Eugene M. Grabbe, who has served 
as a consulting editor since CtE’s start back in 1954. 


Other new faces 


Also new to our masthead this 
month is Mason P. Southworth 
(photo) who comes aboard as an as- 
sistant editor. Mason earned a BS 
degree from ‘Trinity College and took 
honors as a BEE grad at RPI. After 
spending three years on an Air Force 
project to correlate radio propagation 
information received from amateur op- 
erators—work conducted both at the 
American Radio Relay League and at Stanford Univ.— 
Mason returned to the ARRL and has been a technical edi- 
tor for outfit’s magazine, OST. Still another addition is 
Caroline Taylor who comes from the Journal of the Aero- 
space Sciences; she becomes copy editor replacing Steve 
Livers who’s moved up to assistant editor. Also promoted 
recently was Ed Kompass, now an associate editor in charge 
of Information Systems. 


Bailey plumps for incremental servos 
Though qualified by an impressively 
full background to comment on virtu- 
ally any phase of servosystems engi- 
neering, Samuel J. Bailey has devoted 
lots of thought recently to incremental 
servos. Part of the results have been 
appearing in CONTROL ENGINEERING $ 
definitive series on these devices; Part 
III appears this month on p. 85. Sam 
is now a senior systems engineer at 
Vitro Laboratories Div. of Vitro Corp. of America. In the 
20 years since he completed his engineering training at 
Stevens Institute of Technology (both B.S. and MLS. de- 
grees) , Sam has had a chance to do almost everything in the 
servo field. Previous to his Vitro post he was with The W. L. 
Maxson Corp., Servo Corp. of America, Fairchild Camera 
and Instrument Co., Lawton Products, Mergenthaler Lino- 
tvpe Co., and Giannini Controls Corp. 
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For the first time— 


a 30” x 30” plotter that 


repeats exactly from any position. 


The unprecedented reliability and repro- 
ducibility of this new, automatic X-Y¥ 
Plotter are the result of an entirely new 
engineering approach that has elimi- 
nated all servo drive systems. 


As a result, the unit always repeats 
within +.003” as it moves from any direc- 
tion to a previously plotted point. 


input is from IBM cards, punched paper 
tape or keyboard. In addition to its stand- 
ard, 12-symbol print head, other print 
sectors can be installed to plot digital 
or symbol information. 


Gerber’s new plotter comes complete 
with keyboard, tape, and card input and 
facilities for setting scales on one X 
Channel and one Y Channel (additional 
Y Channels optional). 


1e most complet 
line of 


precision plott 


Engineers can now turn to just one 
source—The Gerber Scientific Instrument 
Co.—for all sizes of plotters that will 
display the most precise data that can 
be collected and reduced. 


Along with its standard 11” x 17”, 30” x 
30” and 48" x 48” models, Gerber’s new 
engineering concept makes it possible to 
incorporate this pinpoint accuracy into 
special plotters tailored to your needs. 
Write today for full details. 


Plotting Area: 31" x 31” (inquiries for 
other sizes invited) 

Accuracy: to .05% of full scale; plotter 
will repeat from any direction within 
+00.003" 

Slewing Speed: 20” per second 


Plotter Inputs: |BMcards, punched paper 
tape, keyboard included as standard 
equipment 

Printing Head: twelve symbols, any of 
which can be selected at raridom; ad- 
ditional print sectors can be added to 
plot digital as well as symbol information 


Solid State: high reliability 


THE GERBER SCIENTIFIC INSTRUMENT CO. 


89 Spruce St., Hartford, Conn. * BU 9-2731 


Branch sales and service offices at: Washington, D.C. RE 7-6992 e@ Los Angeles, Calif 
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MU 1-5745 @ Dayton, Ohio AX 8-4607 @ Toronto, Canada AX 3-7012 
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ElectriK Tel-O-Set—the true 2-wire system 


CONTROL=wENGINEERING 





No stand-by supervision needed when you install an 
ElectriK Tel-O-Set Control System. Instaliation crews 
never have to open an instrument cover to hook up the 
line . . . instrument crews never have to touch an outside 
line to service an instrument. 

It’s all in the Tel-O-Set connection system. All process 
connections are entirely isolated from the inside of the 
instrument case. Installation crews can mount, pipe, and 
wire the various Te/-O-Set instruments without removing 
the cover. Instrument chassis can be removed for servicing 
without breaking any external process or electrical con- 
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nection. Standardized parts, together with extensive use 
of quick-connect and plug-in design, minimize downtime 
and reduce spare parts inventory. 


And there’s more to the ElectriK Tel-O-Set economy 
story. Specifically, there’s no external power required at 
any field-mounted Tel-O-Set instrument. Line power con- 
nection is made only at the receiver. Two-wire d-c trans- 
mission reduces installation costs and eliminates shielding 
problems. Also, the 4-20 milliamp signal range of the 
system gives a live zero and permits the use of the most 
reliable transistors available. The d-c signal can be fed into 
data handling systems and millivolt-actuated instruments 

can be easily transduced to a standard 3-15 psi 


pneumatic signal to operate existing pneumatic systems. 


Take a new look at your control problem with the ElectriK 


Tel-O-Set System in mind! Get the complete economy 


story from your local Honeywell field engineer. Call him 
today . . . he’s as near as your phone. MINNEAPOLIS- 
HonEYWELL, 2] Penn Street, Fall River, Massachusetts. 


Honeywell 
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Here are rugged, reliable 
COMPACT CONTACTORS 


for high capacity service! 


Industrial and Motor 


CONTROLS 


Take a good look at the B/W line of magnetic and 
reversing contactors and you'll get a refreshing 
new concept of motor control quality and value. 


C They're small in size—simple, straightforward 
in design—easy to wire—and ruggedly built to 
give you reliable, long-life service on a wide range 
of high capacity control applications. All contacts 
are vertically mounted up front. Built-in return 
springs provide fast, positive breaks. Armatures 
travel in a straight predetermined plane to assure 
proper seating, quieter operation. Available in 
low-cost horsepower and ampere rated models 
to meet your special application requirements. 


Other Reliable B/W Electrical Control Components 


Magnetic Starters & 
Combination Starters 


Induction Type & 
Electronic Relays 





| valve an 
| either left or right with insignificant 





Push and Pull Type 
A. C. Solenoids 


Custom Engineered 
Control Panels 





Complete technical data available upon request—write today! | 


THE |W 


2200 E. MAPLE ROAD ¢ BIRMINGHAM, MICHIGAN 
Manufacturers of Liquid Level and industria! Motor Controls | 


CORPORATION 
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| fortunately 


CONTROLLER 


FEEDBACK 


This reader comments on origin and current applications for 


switching valve. 


Here’s more to the story. 


To rue Eprror 

Mr. Morton Moore’s article “The 
Acceleration Switching Valve Still 
Has Advantages” (June ’60) very ex- 
cellently summarizes the attributes 
and proven capabilities of this servo- 


| valve. ‘The excellent performance un- 
der extraordinary environmental ex- 


tremes is a direct result of making the 


ignorant brute” saturated 


time expended in switching the flop- 


| per to the next state. 


The author's comment that any 
valve can operate as a switching valve 
may prove disappointing. The larger 
flapper inertias and diaphragm forces 
issociated with dry coil torque motor 
valves will preclude clean switching 
at 150 to 200 cps. This means that 
the torque motor parameters of force, 
nozzle position, flapper force field, 
and oil viscosity have time for their 
variances to be felt upon the valve dur- 
ing the transit period when the flapper 
goes from one nozzle: to the other. 
The valve then becomes subjected to 
environmental conditions, which is 
not true of the switching valves made 
with the wet coil torque motor designs. 

Mr. Moore also implied that it is 
possible to decrease the quiescent flow 
by spool overlap. ‘This dynamically 
places a dead space in the valve flow- 
spool position transfer and could and 
has created low frequency limit cvcle 
oscillations in experimental valves pro- 
cured with overlap. A line to line 
spool bushing valve is definitely re- 
quired here. The leakage flow equa- 
tions derived have proven remarkably 
accurate, being within 20 percent of 
actual leakage flows when the flow 


| necessary to move the spool at the 


switching taken into 
account. 

The credit given John Chubbuck 
as inventor of this valve concept un- 
does not cover the full 


Woodrow Seamone of the 


frequency is 


story. 


| Applied Physics Laboratory of Johns 
| Hopkins University was the hydraulic 


servo engineer who made this concept 
work in practice. Mr. Seamone pi- 
oneered the valve into the antenna 
servos of a currently flying antiaircraft 
missile system, pioneered its usage in 
very high temperature environments, 
and in driving resonant loads with 


servo bandpass equal to that of the 
load. Mr. Seamone was also associ- 
ated with the development of this 
valve for primary flight control servos, 
which were unfortunately dropped due 
to a program cancellation. 

Briefly, the readers of Mr. Moore's 
article might benefit from the fact 
that acceleration switching valves are 
currently flying, have been used on 
static firings of solid fuel rocket en- 
gines, and at high temperature en- 
vironments of 800 deg F with oil as 
high as 550 deg F. They have also 
been used on an experimental milling 
machine with satisfactory results. It 
is certainly no longer a laboratory curi- 
osity. Somewhere between 500 and 
1,000 valves have been procured. 

Gerald A. Levine 
Corning, N. Y. 


NOR off-the-shelf 


lo THE Eprror— 

In the “Feedback” column of the 
August issue (p. 10), you have listed 
some companies who provide single 
modules of logic circuits. You over- 
looked International Resistance Co., 
which not only is in the business, but 
to date is the only manufacturer 
that offers a microminiature version 
of a NOR circuit that is available 
off the shelf. 

A complete NOR circuit is only 
0.4 in. square by 0.050 in. thick. Uti- 
lizing precision film techniques, these 
are particularly adaptable for adder, 
preamplifier, binary counter, and logic 
circuits. 

Walter H. Canfield 
International Resistance Co. 
Philadelphia, Pa. 


PERCOS Pot Percolates 


To THE EpiToR- 

PERCOS seemingly begins to perk. 
I much appreciate your continuing to 
forward me requests for information 
received in response to your June edi 
torial, “Could PERCOS Perk?” On 
each occasion I mailed out copies of 
the IRE paper and later followed up 
with a letter, asking for comments. 

Some of these comments are most 
interesting. It turns out that large 
engineering organizations like General 
Electric, Westinghouse, RCA, and 
others are working internally on the 
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UNIVERSAL 
SERVO ANALYZER 


INPUT TO 
SERVO SYSTEM 


: | 


APPLIED TO SCOPE'S 


APPLIED TO SCOPE'S 
VERTICAL PLATES HORIZONTAL PLATES 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Modulated 
Return 
Signal 


Low-Frequency 
Sine Wave 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps 


Modulated 
Return 15ke Reference 
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50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps 


Modulated 
Return 
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Linear Sweep 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Demodulated 
Return 


Linear Sweep 
Signal 


z 





Lissajous 


50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps 


Demodulated 
Return 
Signal 


Low-Frequency 
Sine Wave 





Low-Frequency 
Sine Wave 
0.001 cps to 100 cps 


Sine Wave 
Return 15-kc Reference 


Signal Envelope 





Low-Frequency 
Sine Wave 
0.001 cps to 100 cps 


Modulated 
Wave Return 
Signal 





15-ke Reference 
Envelope 





Analysis of Returned 
Square Wave, Triangular 
Wave, Ramp, or 
impulse Functions 


Function 
with 
Carrier 


3) KIMI 


— 


H 


Impulse 





Analysis of Returned 
Square Wave, Triangular 
Wave, Ramp, or 
Impulse Functions 


Function 
without 
Carrier 


igures Sa, 5b, 
, except without 
carrier. Waveshapes with- 





Oscilloscope 
Calibration 


50 cps to 6000 cps 
Modulated Carrier 


Linear Sweep 
(if desired) 





My application is. 





Oscilloscope 
Calibration 


POLARAD ELECTRONICS CORPORATION: 
43-20 34th Street, Long Island City 1, N.Y. 


Please send me specifications and data on: 


MODEL SV-1 SERVO ANALYZER 





Low-Frequency 
Sine Wave 








Name___ 





Company 


Title_____Dept 





Address. 





City 


Zone. State. 








Linear Sweep 
(if desired) 








The new Polarad MODEL Sv-1 
SERVO ANALYZER is a complete 
instrument for testing AC and DC 
servo mechanisms in all applica- 
tions. It combines a multiple pre- 
cision signal generator and 
oscilloscope. Internally generated 
reference signals are compared 
with servo outputs and are displayed 
visually for quick servo analysis. 


POLARAD 
ELECTRONICS 
CORPORATION 


43-20 34th Street, Long Island City 1, N.Y. 


MODEL SvV-1 


MAIL THIS COUPON FOR MORE INFORMATION... 


Representatives in principal cities. 


JANUARY 1961 


CIRCLE 15 ON READER SERVICE CARD 





DON’T WAIT TILL FEEDBACK 
IT’S TOO LATE! 


creation of similar systems. Mr. Hut- 
ton, a consulting engineer of the 
Specialty Control Department of Gen- 
eral Electric, for instance, writes, “The 
similarity between the classification 
listed under Class 1 and what we 
called Circuit Type is striking.”” Mr. 
Gue of Canadian Westinghouse visu- 
alizes wide spread use of PERCOS and 
; writes, “The possibilities for adapta- 
CAIN), THERMOWELLS tion and application are startling to 
RINT say the least.” Among other things 
he anticipates that the “familiar new- 
Trinity Thermowells fit right, work right equipment journals which come 
~, and last longer. Made of certified around monthly will be substituted by 
*%, materials to the most exacting a PERCOS-type card file system to 
tolerances in the industry, : which interested industries could sub- 
Trinity Thermowells are backed by a scribe.” 
written guarantee accompanying each | Eugene Mittleman 
standard well. Chairman, IRE Committee 10 
Chicago, Il. 


Could mean an entirely new type of 
publishing service. Ed. 


A complete selection of wire materials 
and sizes, welded to meet or exceed 
the industry’s standards assure you lo rHe Eprror— 
accurate performance in every “Newsbreaks in Control”, page 17, 
installation when you select a | July 1960 issue includes an item 
Trinity Thermocouple. entitled “Patent Troubles for Numer- 
ical Controls’. It refers to a situation 
in the machine tool industry, which 
may be troublesome to some builders 
because of basic patents. 
We are working on a system for use 
in printing plants, which will make 
Precise thermocouple assemblies | use of numerical controls to program 
sheathed in a protective well for a sequence of operations. Perhaps the 
: miniaturized, or hard-to-reach patents referred to in your article will 
points in a system or assembly. Also available 1) affect us as well as the members of 
in multi-point assemblies. Trinox is available in sizes the machine tool industry. Please 
down to .040” in diameter. | send us information on this matter, 
including patent numbers. 
M. E. Oliphant 
The Goss Co. 
Chicago, IIl. 


Will control patents affect us? 








Start with the best, or replace with The requested patent numbers are: 
the best—to maintain top depend- 2,352,183 Control Mechanism 
ability in your system. No system is | WRITE 2,352,184 Control Mechanism 
more dependable than any single | For 2,352,185 Machine Tool 
component in it—and when it comes p 2,384,809 Machine Tool _ 
to thermowells or thermocouples, COMPLETE i , ere +See ee 

fi H y > P ontro echanism 
= 7 —— the finest with | MANUALS... : aa 2528,736 Control Mechanism 

" : 2,536,624 Mechanical Movement 

2,575,792 Control Mechanism 
2,579,998 Lathe Control 
2,623,970 Electrical Switch 
2,694,116 Electrical Switch 


THERMOWELLS ¢ THERMOCOUPLES 2,859,290 Machine Tool Controller 


Hear-Les Dryers @ Heat-reactivated D You may also want to read a news 
As Sanat “ana story, “Will Bullard’s Patent Claims 


ee Test Numerical Control?”, pp. 54-56 
TRINITY EQUIPMENT CORPORATION, CORTLAND, NEW YORK! in our September 1960 issue. Ed. 
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THANK YOU, 
COMPETITION! 


Thank you control valve manufacturers. We see by 
your ads in the trade press and your exhibits at 
shows, that you are now offering split-body valves 


with cylinder actuators. 


As most of you know, we have been manufacturing 
and marketing our Series LB split-body, cylinder- 
actuated valve for ten years. When we first started 
making the Series LB control valve—a radical de- 
parture from the then conventional double-seated 
valve with spring and diaphragm actuator—we did 
it because we sincerely believed it was the best way 


to control process fluids. 


Those of us who pioneered the split-body, cylinder- 
actuated valve invested considerable time, money 
and effort in extolling its many features. As the years 
went by and user acceptance increased, we be- 
came stronger in our belief. However, there were 
many times during those years when we would have 
welcomed confirmation from you in the form of com- 
petitive products. Now, your announced entry into 
this field is, to us, a gratifying endorsement of the 
concept we have spent so much of our energies in 
developing. The added impetus that your collective 
advertising and sales efforts will give to publicize 
the benefits of the split-body, cylinder-actuated 
valve will contribute materially to its universal 


acceptance. 


Although we know we have a good product backed 
by a decade of design and manufacturing experi- 
ence, we do not intend to rest on our laurels. We will 
continue to offer industry the very best control valve 
we can make. And you will strive to outdo us. Your 
customers—and ours—and our industry—can only 
benefit from this healthy competition. Again, we 


thank you for following this lead in control valve 
(S technology. 


CONOFLOW 


vets! CONOFLOW CORPORATION 


S REM A NT 
wy FOREMOST IN FINAL CO ROL ELEMENTS 


2100 ARCH STREET, PHILADELPHIA 3, PA. 
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Constant Volume 
Unloading Piston Pump i200 RPM 


Relief Valve : 
Steam Turbine 























Filter 


Constant displacement piston pumps 
driven by low pressure steam tur- 
bines deliver fire-resistant fluid to 
accumulators for energy storage. 
Thus, high horsepower output for 
fast opening and closing of process 
control valves is obtained with low 
horsepower input. Filter 





Constant Volume 
: 5.1 HP 
Piston Pump 1200 RPM 


Steam Turbine 

















‘ast and precisely controlled motions, having the 
high reliability demanded by modern processing, are 
inherent characteristics of hydraulics. In addition, 
these advantages are obtained at low cost, for you can 
cover your full range of operations—from valve control 
to power transmission—with standard Vickers com- 
ponents. Your engineers enjoy unlimited design flexi- 

, : : bility through a choice of electric, electronic, pneumatic 
electro-hydraulic system for controlling : . 
; ee ey : and manual signals to control the hydraulic pumps, 
automatic heat treatment cycle. : ; re 
Physical layout provides optimum cir- motors, cylinders, and variable speed drives. 


Control console and power unit form 


cuit efficiency, ease of servicing, and 

good appearance. Vickers complete packaged systems are ready to go 
into service upon arrival in your plant, since they are 
thoroughly pretested before shipment. They are prop- 
erly designed and built to give maximum service life 
with little downtime, thus helping to keep your plant 
on stream. 


Get more information on the job being done by 
Vickers packaged hydraulic systems in chemical, petro- 
chemical, petroleum refining, and other processing 
industries by writing today for Bulletin 15802, 
“Packaged Hydraulic Systems for Process Control.” 


VICKERS INCORPORATED 
‘ - DIVISION SPERRY RAND CORPORATION 
This power package includes all hy- 
draulic pumps and valves for complete 
control of automatic cyclic operation 
of process in a butadiene plant. 


ADMINISTRATIVE and ENGINEERING CENTER 
Department 1606 ° Detroit 32, Michigan 


9138 
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With an IBM 7070 purring away down the hall, 
and four IBM 1401’s on order, Charles F.. Faulkner, 
computing center manager at Spiegel, Inc., in Chi- 
cago is reaching toward his goal of mechanizing the 
information handling procedures of a tremendous 
mail order operation. A work force that varies from 
8,000 to 13,000 and a work load that exceeds 80,000 
orders a day in the pre-Christmas rush make the 
Spiegel Chicago facilities the world’s largest single 
mail order operation, an operation that would be in- 
undated in paperwork and plagued by excessive time 
delays if it had not been for the foresight of the 
Spiegel management. Eight years ago they directed 
Charlie Faulkner to study mail order procedures 
from a systems point of view and to engineer busi- 
ness systems emploving data processing equipment 

Faulkner’s entry into the EDP field came via the 
“knows what needs to be done” route rather than 
through any formal training in computers or higher 
math. An economics degree from Dartmouth in the 
depression year of 1934 entitled him to a $22 a week 
job as industrial engineer at a Pawtucket, R. I., tex 
tile mill. Several vears of time and procedure study 
duties at various textile mills culminated in a move 
to Spiegel in 1938 with the task of applying indus 
trial engineering techniques to office operations—an 
assignment that turned into one of the early suc- 
cessful attempts to engineer business systems. The 
next 14 years were spent in studying and improving 
mail order business procedures. Duties such as super- 
vising office operations, aiding in instituting an in- 
spection department for operation quality control, 
and serving as expense controller for the merchandise 
division gave Faulkner the background necessary to 
“know his process” 

The real break came in December 1952 when 
Faulkner convinced his management that the new 
fangled electronic computers might be of some use 
in keeping track of the vast Spiegel inventory. The 
results were twofold: an electronics research group 
to study the application of EDP to Spiegel opera- 
tions, and hundreds of thousands of miles of travel 
by Faulkner to every nook and cranny where elec- 
tronic data processors were on the blackboard, on 
blueprints or on the assembly floor. 

The five years before Faulkner and his little group 
took delivery of their first computer—an IBM 650 in 
February 1958—were spent developing ideas, consoli- 
dating activities, bringing conventional accounting 
machine activities under their wing, and organizing 
a staff that today consists of 18 supervising sys- 
tems engineers and programmers. Reporting directly 
to the financial vice-president, Faulkner and his staff 
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A CONTROL 


Charles E. Faulkner 


Engineers Business Systems 


PERSONALITY 


have the authority to study au operation that looks 
promising and to make changes where these changes 
will benefit electronic processing. Thus he can take 
a long range look at the corporation as a system. 

Practically since the time the 650 was installed, 
Charlie’s staff has been programming for the IBM 
7070, which arrived last October, and they are now 
getting ready for the delivery of four 1401’s before 
the end of 1961. Some sort of record was made in 
putting the 7070 on the line; it was fully operating 
one week after delivery and the 650 was out of the 
computing center two weeks later. 

As in any data processing application, getting infor 
mation from the business system into the computer 
and from the computer back into the business sys 
tem have been bottlenecks and Charlie has paid par 
ticular attention to these areas. At one time he 
invented and patented an electromechanical order 
filler, but soon found that the economics were off 
since the order filling cost is a small percentage of 
the total cost of processing an order—mechanizing 
the paper shuffling is where money can be saved. 
Since then he has patented a punched paper disc 
input medium for electric typewriters (to replace 
small paper tape loops that are hard to store), and he 
is now using wire links from remote catalog stores to 
simultaneously prepare the order, sales slip, and cus- 
tomer’s address stencil in Chicago. Charles Faulk- 
ner’s motto is to keep his eye on every piece of 
automatic data processing equipment on the market 
and use any or all if they'll help him to engineer a 
business system at a profit. 





Mir 


00, Mincom’'s latest instrumentation recorder/reproducer, the series elements 


THE MINCOM CM-100 


rage have been reduced to recorder and mixer only, one step from the antenna. 


IS PERFORMING 


10's 1-megacycle response and constant phase equalization at all speeds, an original 


OPERATIONAL 


acycles thus can be heterodyned so that the carrier swing and its sidebands 


PREDETECTION RECORDING 


CM-100's frequency range -in FM, FM/FM modulation, PCM and PCM/FM. 


-..and actually doing it at defense facilities as you read this page. 


Write for brochure, 


1) 10 ORE od. 4 1 @) On Bi Oe 2 Oe Or 


5.0-mc IF carrier heterodyned down to 750 kc. Random-spaced pulses, 
20 ws on-20 us off-type information. Sweep rate: 50 us/cm. 


ee mo 


the a 
... WHERE RESEARCH IS THE KEY TO TOMORROW , 3M }} 
Ee 


MINCOM \ Minnesota (Ufinine ano [Yfanuracturinc company 


2049 SOUTH BARRINGTON AVENUE, LOS ANGELES 25, CALIFORNIA + 425 13th STREET N.W., WASHINGTON 4, D.C. 
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Newsbreaks 
in Control 


@ Numerical Control for Grinding Machine 


Los Angeles—The first tape controlled contour grinding machine is being 
built to machine the ceramic portions of sparkplugs. At present the 
ceramics are machined by single point diamond dressers which have to be 
recontoured to tolerances frequently. The three 2. numerical control 
system will do this automatically by withdrawing the tool from the work- 
table, recontouring its surfaces, and then returning the dresser to machin- 
ing position. Cost of unit to be delivered in March: $36,000. 


@ Computer for World’s Largest Steam Plant 


Johnson City, Tenn.—World’s largest steam plant, operated by the Ten- 
nessee Valley Authority, will soon have a process control computer to calcu- 
late operating guides. The project is the first successful venture of the 
association of Republic Flow Meters and TRW Computers Co. Republic 
will supply instrumentation and TRW will provide an RW-300 computer 


@ British Banks Adopt VU. S. Magnetic Character Codes 


London—Clearing banks here have chosen to adopt American magnetic 
coding machine language for sorting checks with electronic readers instead 
of the “Fred” characters developed by Electric & Musical Industries E:lec- 
tronics Ltd. and the CMB type font pioneered by the French company 
De La Rue Bull Machines. The English banks are now ready to proceed 
with mechanization plans. Initial equipment will have to be imported 
from the U.S., giving a competitive edge to such suppliers as General 
Electric, IBM, Burroughs, National Cash Register—all of whom are alread 
producing magnetic character recognition equipment. 


@ Hungary Claims Most Automatic Process Unit 


Vienna, Austria—The Hungarian government has started what it claims is 
the most automatic distillation unit in Europe. With an annual capacit\ 
of 1 million metric tons, the unit, based on Russian blueprints, is being 
built at the Szoeny refinery. It is said to use a new type of pipe furnace 
that is automatically heat controlled with provisions for automatically 
checking quality and specific weights. Unit is to go on stream at the end 


of 1961. 


@ Computer to Process Transactions at Tokyo Stock Exchange 


Tokvo—A Univac Solid State computer will handle the processing of trans- 
actions for the Tokyo Stock Exchange after January. The machine will 
handle about 60,000 transactions involving an average turnover of 150 


million shares of stock per day. The exchange bought the computer for 
154 million yen ($405,000) . 
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TRreoko€ PROGRAMS X-15 ENGINE TESTS WITH AMP PATCHBOARDS 
To test the 50,000 pounds of whoosh in its new X-15 engine, Reaction Motors Division of Thiokol Corpora- 
tion required versatile and reliable programming systems to connect instrumentation to six different 
test stands. With the assistance of AMP engineers, Thiokol installed six patchboard programming 
systems that can connect one set of test instruments of any of six test stands with a flick of the wrist— 
a saving of time, personnel and equipment. In addition to tremendous flexibility, AMP systems—either 
universal or shielded—provide a number of exclusive features including pre-cleaning of contact pins 
and springs, rugged take-a-beating construction, an almost unlimited range of sizes, plus electrical 
characteristics suited to the most sensitive applications—all contributing to top notch reliability. 
For the complete story, write for our Patchcord Programming Catalog. 


Reaction Motors’ technician 
switches instrumentation 
from one test stand to another 
with a flick of the hand. 


ANP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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British Optical Reader 
Suffers a Setback 


LONDON— 

First production model of the Solartron Electronic 
Group’s optical reader was delivered to the customer, 
Boots Pure Drug Co. Ltd., last month—and was re- 
turned. A Boots’ spokesman said that “recent policy 
decisions had largely rendered unnecessary the auto- 
matic reading and coding of cash register rolls, the job 
for which the reader had been ordered.’ But reliable 
sources feel that an inherent difficulty with the optical 
reading approach may have been responsible for the 
machine’s return; human errors in recording the cor- 
rect amounts on the rolls cancelled out the advantages 
of the machine. 

During preliminary tests, a 10-percent human inac- 
curacy in making the initial entry combined with 
occasional substandard print quality to cause so many 
reading errors that manual intervention was required 
anyhow. Boots rejected one possible solution: changing 
all the company’s cash registers. 

The Solartron ERA (for Electronic Reading Auto- 
mation) has an optical reading system in which a 
flying spot scanner is focused through a lens on the 
character to be read. As the spot image passes over the 
paper, more light is reflected by white paper than the 
printed characters. Reflections are picked up by a 
photomultiplier cell and converted to pulses which can 
be classified into one of 465 “‘cells’’ defined as black or 
white. Logic units then differentiate the characters, code 
them into a form suitable for further data processing. 


Thin Film Memory 


in New Univac 
ST. PAUL, MINN.— 
First commercially available digital computer with a 
thin film memory was presented here last month when 
Remington Rand Univac announced the 1107 com- 
puter, the latest in the 1103, 1105 scientific computer 
line. In addition to incorporating the so-called third 
generation storage device, the 1107 is completely tran- 
sistorized, a feature which its ancestors did not have. 
he thin film memories—dots of very thin permalloy, 
vacuum deposited on a thin glass plate—are used in the 
control and arithmetic storage only, with 128 words of 
36-bits available in 16 arithmetic and 15 index registers. 
Main storage is 8,000 to 64,000 words of ferrite core 
storage. Memory cycle time in the core storage is 4 
microsec—compared to only 0.6 microsec for the thin 
films. Basic addition speed is 0.8 microsec plus access 


time. Rem-Rand also announced a real-time control 
computer last month. Called the 490, this machine is 
a commercial redesign of the Navy’s tactical data system 
which the company produced. With its 28 input-output 
channels and up to 32,000 words of storage, the 490 
is intended for inventory and production control appli- 
cations, processing bank deposits and withdrawals, and 
airline reservation systems. 


Two Hundred Papers 
at Temperature Symposium 


COLUMBUS, OHIO 
Most comprehensive meeting ever held on the subject 
of temperature measurement is scheduled for Columbus, 
Ohio, on March 27 to 31. About 200 papers, covering 
temperature measurements from absolute zero to 10 
million deg K., will be presented by authors from all 
over the world. In addition to American speakers, the 
meeting will feature scientists from Australia, Germany, 
the Netherlands, Soviet Russia, and Great Britain 
The enlarged scope of the meeting indicates an 
awakened interest in temperature measurement in appli- 
cations that range from the human body to process con- 
trol and aerospace. The symposium is the fourth held 
on this subject: the first was in 1919, the second in 
1941, and the most recent in 1954. 


Does Industry Want 
Russian Abstracts? 


WASHINGTON— 
U.S. Dept. of Commerce Office of Technical Serv- 
ices is attempting to determine if U.S. industry wants 
English abstracts of technical articles appearing in jour- 
nals of Soviet bloc countries and mainland China. The 
new series would be disseminated once a month on an 
experimental six-month subscription basis. Abstracts 
would appear from 70 to 120 days after the original. 

OTS has set up six major classifications of rnaterial 
and a subscriber may buy one or more of them. 

Of prime interest to control engineers are: category 
4, engineering machinery and equipment (including 
mechanical, electrical, aeronautical, nuclear, petroleum, 
structural, and civil) and category 5, communications, 
transportation, navigation, electrical and_ electronic 
equipment, systems, and devices including aircraft and 
missile equipment. Cost of each service is $9 for the 
experimental six-month subscription. 

Interested subscribers should contact Office of Tech- 
nical Services, Dept. of Commerce, Washington 25. 





Lunar Probe Readied 


The startling-looking vehicle at the right is the final 
design of the 300-Ib lunar capsule being built by Ford 


Motor Co.’s Aeronutronic Div. for the National Aero 


nautics and Space Administration. The bulbous lunar 
capsule, with its retrorockets for deceleration on landing, 
is attached to a Ranger spacecraft which will carry it to 
the vicinity of the moon. The bulk of the capsule’s pay- 
load will be telemetry gear and instrumentation to trans- 
mit information on key physical parameters, such as tem- 
perature, pressure, atmosphere composition, and _radia- 


tion, back to earth. 


JANUARY 1961 





@ This DP Transmitter is as close as anyone has come to the perfect process 


instrument. It performs every function a differential pressure transmitter 
can perform... dependably and competently. Every potential of an elegant 
and original design has been realized in the manufactured product. For 
example: adjustable damping in the differential sensing system lets you 
measure pulsating flow ‘without zero shift, phantom signals, diaphragm 
fatigue, or premature part failure. A sealed measuring chamber filled with 
silicone oil is positively isolated from destructive process fluids. And the 
entire instrument is ruggedly constructed to take a beating and remain 
accurate and responsive. This, then, is an instrument you can install and 


forget. It has yet to betray a user’s confidence. 


Every fact ‘you could desire about our DP transmitter 
can be found within the covers of our Catalog 10B1465. 
But nothing can ever take the place of an actual field 
trial. We'll gladly arrange one for you. 


Fischer & Porter Company, 
711 County Line Road, Warminster, Pa. 


--> 
FISCHER & PORTER COMPANY 


COMPLETE PROCESS INSTRUMENTATION 
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_WHAT’S NEW 


Electronic Telephone Switching Debuts 


Bell’s prototype system uses 
programmed computer to 
transfer incoming calls auto- 
matically and complete calls 
with only two-digit dialing. 
Instruction for these and 
other regimes is stored in 
flying spot scanner. Barrier 
grid memory stores tempo- 
rary data. 


MORRIS, ILL. 

While there are few places left in 
the United States where dialing “Cen- 
tral” is the necessary prelude to com- 
pleting a telephone call, there is no 
other exchange that can compare with 
one just opened in this small town 75 
miles from Chicago. It is in Morris 
that Bell Telephone Laboratories has 
chosen to try out its electronic central 
office (ECO). 

¢ New services—The 319 Morris sub- 
scribers participating in the first phase 
of the trial now can do four unusual 
things with their telephones: dial a 
two-digit code which transfers all sub- 
sequent incoming calls to another 
number (call transfer); reach  fre- 
quently called numbers by dialing 
two digits instead of seven (abbrevia- 
ted dialing); have incoming calls 
routed to another phone when the 
original number is busy (series com- 
pletion); and use home extensions as 
intercoms by dialing two code digits 
(extension code ringing). 

Later on the service will be ex- 
panded with two more features: a third 
party may be called into an existing 
conversation by dialing a code num- 
ber and the phone number (confer- 
ence call); and an immediate connec- 
tion may be made to a busy line as 
soon as it becomes available (busv 
clamp-on). 

Behind these special services is a 
large scale computer. The major de- 
sign difference—aside from the use of 
electronics—between the Morris ECO 
and other exchanges involves stored 
logic in a central memory. In older 
exchanges system logic is scattered 
throughout the circuit. In ECO it is 
retained in a flying spot store. 
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Switching svstem for first ECO 


¢ Photographic memory—The flying 
spot store contains the entire operat- 
ing program, written in the form of 
24 million bits on four glass photo- 
graphic plates, each divided into 17 
storage areas. Each bit is represented 
by the presence or absence of a 0.006- 
in. diam dot in the photo emulsion. 
A cathode ray tube, an optical system, 
and a photomultiplier tube bank read 
all 68 storage areas simultaneously, 
though not more than 26 areas are 
actually used for any one logic oper- 
ation. Two of these flying spot stor- 
age systems are used for reliability. 

l'o interrogate the flying spot store, 
68 lens systems image the CRT beam 
onto each storage area. Eighteen ad- 
ditional photographic areas and photo- 
multipliers continuously measure the 
position of the flying spot. A circuit 
compares the actual position of the 
spot with the desired position, and 
feedback positions the spot to within 
0.001 in. of the desired position— 
within 1 microsec. 

The other two principal compo- 
nents of the Morris system’s three-part 
main control are a barrier grid tempo- 
rary memory and a central control 
logic network. The barrier grid store 
is divided into four sections, two for 
operation and two for standby. All 
are kept up to date, ready for instant 
switchover in the event of trouble. 
Each store will record 16,384 bits; 
read-write time is 2.5 microsec. 

The central control logic consists 
of four cabinets containing nearly 


shows how call gets on a trunk |] 


3,000 germanium — transistors and 
20,000 diodes, all mounted on 3,400 
plug-in printed circuit cards. The cen- 
tral control connects to every other 
unit and has the function of process- 
ing and routing control orders. It in- 
terrogates the semipermanent flying 
spot store for instructions; uses the 
temporary memory for recording the 
status of calls and lines; and controls 
the operations of scanners, selectors, 
and the switching network. Again, for 
reliability, two complete central con- 
trols are provided. 

¢ Gas tube switches—The switching 
network and its associated connectors 
use gas tubes as switching elements. 
The network must keep pace with 
command signals, but it need not be 
as fast as the controls themselves. 

The gas tubes contain an anode and 
a photocathode in a neon filled glass 
envelope. The tubes are illuminated 
with blue fluorescent lamps to insure 
fast, reliable firing. Firing current 
is 10 ma at about 100 vde: the small 
ac voice current modulates the dc 
passing through the tubes. The 
ECO at Morris uses 23,000 of these 
gas tubes, arranged in six switching 
stages plus a connector stage. A typi- 
cal call passes through eight tubes. 

The Morris ECO is not Bell’s final 
approach. The Bell System’s manu- 
facturing subsidiary, Western Electric 
Co., will not begin production until 
mid-1965, leaving plenty of time to 
incorporate changes suggested by ex- 
perience gained during the tryout. 
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For the 


finest 


combination 


of vital 


performance 


factors... 


Specify KETAY 
Servo Motors 


Performance and reliability in the 
size 8 servo motor, for example, is 
underscored by: 


Unexcelled ratio of stall torque to 
power input at maximum rpm, as 
related in the chart below. , 


High acceleration at stall. 


Efficient operation over the am- 
bient temperature range of —55°C 
to +125°C. 


Superior “‘white room” manufac- 
turing, assembly and inspection 
techniques. 


1.000° MAX.- 

















TYPICAL PERFORMANCE CHARACTERISTICS 


—-}--12" MIN. =| 





Type Number 


OO8E2A 


OO8E2C 


OO8E2D 





Excitation Frequency (cps) 
Rated Voltage: 

Fixed phase (volts) 

Control phase (volts) 
Input Power at Stall (watts) 
Starting Voltage (volts) 
Stall Torque (oz. -in.) 
Ratio Stall Torque 

to Total Power Input 
Rotor Inertia (gm. cm?) 
Acceleration at Stall (rad./sec.*) 
No Load Speed (rpm) 
Temperature Rise at Stall (°C) 
Operating Temperature Range (°C) 





400 


26 
26 


1.75 
0.68 
0.22 


0.060 
.414 
36,000 
6,500 
50 
—55 to +125 





400 


26 
40/20 
AS 
1.0 
0.22 


0.060 
.414 
36,000 
6,500 
50 
—55 to +125 





400 


26 
26 


2.50 
0.68 
0.30 


0.060 
.414 
53,000 
6,500 
60 
—55 to +125 


For more information on these or any other of the complete line 
of Ketay Servo Motors and/or motor generators from size 08 to 
size 23, 26 or 115 volt, 400 or 60 cycle excitation. 


Ketay manufactures a complete line of precision synchros, servo motors, resolvers, 
motor tachometers, gyros, amplifiers and encoders in a wide range of sizes to meet your 
specific requirements. Components are available separately or in modular packages. 


UNITED AIRCRAFT CORPORATION 
NORDEN DIVISION 


KETAY DEPARTMENT, COMMACK, LONG ISLAND, NEW YORK 
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Computers Set to 
Guide Oil Operations: 


1 Socony’s 7090 program will tell company what crude to use, 
what products to refine, and how to ship them to markets. 


NEW YORK— 

Can a computer run a huge busi- 
ness enterprise? Evidence that it can 
came closer last month when two oil 
companies announced plans to use 
computers widely Socony Mobil Oi! 
Co. will use its newly acquired IBM 
7090 to form the nucleus of a business 
forecasting scheme. Standard Oil of 
California has a computer network to 
solve operating problems (page 30). 

Socony already has tied together its 
Paulsboro (N. J.) and Dallas research 
centers and its Beaumont (Tex.) re- 
finery with its New York computer 
center by data transceiver links. But 
as outlined by the center’s manager, 
Dr. J. A. Aronofsky, the oil company 
will have a computing capacity by 
1965 of one major computer (monthly 
rental: $65,000), five large computers 
($10,000-25,000) and 50 small com- 
puters ($3,000-7,000). These will 
connect to 50 widely scattered Tele- 
typewriter input terminals through- 
out the country. 

The 7090 will fill the major com- 
puter slot, and Socony already has 10 
IBM 1401’s on order, scheduled for 
1961 delivery, to fill out the system. 

¢ Planning product flow—First job 
for the computer net—solving the 
product supply and distribution prob- 
lem—is in the programming stage. The 
computer will consider all alterna- 
tives possible for delivering to 10,000 
markets the 12 light-end products 
from 12 refineries, each refinery being 
supplied with crude oil from a num- 
ber of fields. The task: figure out 
from what crude supplies to refine 
what products and where and how to 
ship them-and do this considering 
all operating factors, restraints, and 
individual costs. 

Starting from a written estimate of 
annual requirements by product for 
each customer, the computer system 
produces for each customer a product- 
by-product tabulation of the demand, 
the terminal or refinery from which 
each product will be shipped, the 
freight method, transportation rate, 
lavdown cost, and total cost. 

The same data are reanalyzed by the 
computer to produce a volume sum- 
mary report, the annual product-by- 
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. customer report tabulates product demands, shipping data, and costs. 


27 











NEW! 


Solid State 


DISPLAY 
ASSEMBLY 


for decimal display 
and storage of 
binary coded 
decimal data 








accepts up to 24 bits of parallel BCD data 


Hermes’ new Solid State Display Assembly, Model 2060, is 
designed for use in any system requiring presentation in deci- 
mal display of a BCD parallel signal. For example, Model 
2060 permits direct reading of Angular Shaft Encoders with 
BCD parallel output. Model 2060 accepts up to 24 bits of 
parallel BCD information in any of the following 4-bit Codes: 
Binary Code Decimal (1-2-4-8); Gray Code (Cyclic Code) ; 
Decade Counter Code (1-2-2-4) or (1-2-4-2); Binary Com- 
plement Coded Decimal; Binary Two Out of Five Code; 
Binary (1-2-4-7). 


These signals are converted to 60-line decimal display using 
Burroughs-type Nixie tubes Binary input to Model 2060 
may be either static or paralle] pulses. 


Storage capavility which can conveniently be retrieved 
through a multi-pin connector is provided in the converting 
circuitry. Converter Boards car: be furnished which ac- 
cept up to six bits of parztlel information, converting to two 
decimal displays. Write for Technical Bulletin 2060. 


Hermes 


ELECTRONICS CO... 





E 75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS. | Itek 


| 
A OlVISION OF 


a 
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product demand for each refinery. 

¢ Performance proven — Aronofsky 
has good reason for feeling that this 
plan for forecasting light products dis- 
tribution operations will work out well. 
For one thing the company has already 
established and proved throughput and 
vield-pattern models for each refiners 
For another the computer-directed dis- 
tribution idea was tried out last year 
on a smaller scale, using Socony’s 
IBM 704 computer and its 4,000- 
market Midwest Div. as a_ proving 
ground. Staff and line personnel 
learned a lot from this trial, enough 
to convince Socony’s management 
that the cost of preparing the larger 
program, acquiring data, and using 
the 7090 can be more than returned 
through better allocation of refining 
and transporting facilities. 

The 4,000-market problem took 10 
hr to solve on the 704. The 10,000- 
market problem is much more com- 
plex, but the higher speed of the 
7090 will offset this, again resulting 
in a 10-hr computer solution which 
will optimize annual product distribu- 
tion plans and print out assignment 
sheets for the 10,000 customers. 

¢Geography helps — The model 
should contain over 10,000 simulta- 
neous algebraic equations. Actually, 
however, no computer presently exists 
—according to Aronofsky—that can 
come up with a solution to a problem 
of such magnitude in a_ reasonable 
time. Although theoretically each al- 
ternative solution must be _ tested 
against all other possibilities, certain 
conditions enable the model to be 
broken down into 10 smaller ones. 

For instance, because no pipeline 
crosses the Rocky Mountains, there 
is little interaction between Pacific 
Coast and midwest operations. These 
regions can be considered separately. 
When necessary, however, the com- 
puter can determine how a refinery 
assigned to supply one marketing area 
might influence another. 

¢ Frequent interrogations—Once the 
programming of the 10,000-market, 
12-refinery model has been completed, 
it will be used first for annual forecast- 
ing. When changing conditions oc- 
cur, only these need be modified in the 
program and data tapes. Aronofsky 
thinks it feasible to update and in- 
terrogate the 7090 once every three 
months and eventually monthly so 
management can shift plans accord 
ingly. 

A big advantage of having such an 
elaborate model is its capability for 
new business forecasting. It is pos- 
sible to “add” a fictitious refinery or 
terminal and then predict what benc- 
fits can be achieved. 
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NO EQUAL IN SIMPLICITY! 





ONLY 3 MOVING PARTS IN ASCO 3-WAY SOLENOID VALVES 


Millions of Trouble Free Operations... are the result 
of the simplicity designed into ASCO 3-way solenoid 
valves. Fewer wearing parts mean substantial savings 
in maintenance costs...reduction in down-time losses. 

Simple in construction, ASCO 3-way solenoid valves 
are simplicity itself in operation—solenoid piloting of 
two simple diaphragms. Absolutely tight seating is a 
feature—no closely fitted parts or valve seat grinding 
are required. 

Exceptionally large flow capacity permits rapid fill- 
ing and venting of cylinders ...valves operate up to 
400 cycles per minute. 

Conversion from normally open to normally closed 
—or the reverse —takes just 30 seconds; only simple 
rotation of the valve bonnet required. 

ASCO 3-way valves can be supplied with general 
purpose, water tight or explosion-proof enclosures, and 
may be mounted in any position. Valves are available 


” 


in %”, 4%” and %” sizes, all with full flow capacity 
provided by oversize pressure and exhaust orifices. 
Standard Bulletin 8316 Valves are suitable for air, gas, 
oil and water at pressures up to 250 p.s.i.; higher pres- 
sures can be handled by modified versions. 


New! Catalog No. 202 covers the ASCO line of 
Solenoid Valves. Write for your copy today. 


For Immediate Delivery. . . 
World’s largest stock 

of Solenoid Valves. 

A complete Solenoid Valve 
Stock List will be sent 

to you with your copy 


of Catalog No. 202. 





ASCO ValIVe@S asiomatic switch co. 


50G HANOVER ROAD, FLORHAM PARK, N. J., FRONTIER 7-4600 





AUTOMATIC TRANSFER SWITCHES - 





SOLENOID VALVES - ELECTROMAGNETIC CONTROL 
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AO TRACEMASTER’S 
CARBON TRANSFER METHOD 
PRODUCES BETTER RESULTS! 


The AO Tracemaster 8 channel recorder 
uses a direct-carbon-transfer writing 
method...clearly the best of all methods. 
The trace above, reproduced from a 
Tracemaster record, shows why! 

Chart speed was 500 mm/sec. (Twice as 
fast as any other recorder). The trace is 
a gate pulse out of an Analab oscillo- 
scope. Gate rise time is approximately 50 
micro seconds. An amazing performance! 
Note the fine quality of the trace... the 
consistency of line through the entire 
band pass. 


The direct carbon transfer technique 
makes this possible ... mylar-backed car- 
bon positioned between the stylus and 
the chart paper acts as an excellent lubri- 
cant. Stylus tip radius is smaller to pro- 
duce a finer trace... yet there’s no danger 
of “plowing”. And it permits use of stylus 
pressure 5 fo 7 times higher than with any 
other recorder (velocity feedback signal 
out of the pen-motor applied to the linear 
driver amplifier makes the system much 
less susceptible to the effects of stylus 
pressure). This renders the system im- 
mune to ordinary shock and ‘vibration 
stress... there’s no ink splatter ... little 
or no skip...no paper-tear. 


Learn, in detail, all the advantages of the AO 
Tracemaster and its direct carbon transfer re- 
cording method. Send for complete literature. 
A request on your company letterhead will 
bring you an actual sample of an AO Trace- 
master record. 


American Optical Company 


Instrument Division * Buffalo 15, New York 
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WHAT’S NEW 


Stancal’s 7090 is tied to refineries and development 
2 laboratories for a variety of data processing jobs. 


SAN FRANCISCO— 

Across the 2ountry, a computer net 
supplies round-the-clock data process- 
ing services for the world-wide opera- 
tions of Standard Oil of California. 
Stancal has linked its subsidiary 
California Research Corporation’s 
LaHabra and Richmond (Calif.) de- 
velopment laboratories and three re- 
fineries—at Richmond, Calif., Perth 
Amboy, N. J., and El Segundo, Calif. 
—to an IBM 7090 computer at com- 
pany headquarters in San Francisco 
through leased telephone lines. Even- 
tually Stancal hopes to tie in its 35 
major operating divisions. 

One of the major jobs of the com- 
puter net at present is obtaining in- 
formation and experience for future 
closed-loop computing-control of re- 
fineries to be accomplished eventually 
with local process control machines. 
The network puts a large scale com- 
puter in the hands of researchers at 
key spots in Stancal’s operations 
throughout the United States. 

Open loop—For example, the E] 
Segundo refinery has a fluid catalytic 
cracking unit which is being operated 
on open loop control by the com- 
puter. Readings of temperatures, flow 
rates, pressures, and stream analysis 
data are automatically transmitted to 
computing headquarters every 72 sec. 
The computer figures best valve and 
controller settings and transmits in- 
structions back to the unit operator. 

A problem in refining operation 
might come from any refinery or a 
development laboratory. Mathemati- 
cians have reduced all of the refinery 
operations at each location to mathe- 
matical models which are stored at 
computer headquarters. ‘Thus the cen- 
ter has background for problems on 
existing operations. When one comes 
in, the questioner need transmit to 
the computer only proposed or actual 
changes. If a radically new problem 
is to be solved, a new model has to 
be constructed, of course. 

e Ask for service—Here’s how the 
Stancal net works. When a technician 
at a network-served facility wants to 
use the computer he sends a request 
for service to the center over the 
leased line. If a transceiver is free, 
the line is cleared for data transmis- 
sion. The problem originator, who 
has already reduced his problem to 
punched cards, starts sending. In San 
Francisco, his carded information is 


duplicated on card blanks, thus sup- 
plying a buffer in case the computer 
is not free. A fail-safe device in the 
transceiver automatically checks each 
pulse, and the transmission is stopped 
if a mistake is made. When the com- 
puter is open, the problem is entered 
and solved. The output data are re- 
duced to punched cards for transmis- 
sion via transceiver to the originator. 

Prior to establishment of the net- 
work, communication between the 
computer center, which was estab- 
lished in 1957 with an IBM 704, and 
distant operations was carried on by 
mail. Operations not on the network 
still communicate in this manner, and 
up to four days is often the minimum 
period between question and answer. 
With the network it can be a one- 
hour proposition. 

“A major capability of the system”, 
says H. W. Crandall, manager of the 
computing center, “is the solving of 
a fast-breaking situation while it is 
still in progress, rather than having 
to wait and do a post mortem. Simi- 
larly, complex computations have 
been made and _ intelligence trans- 
mitted in time to help negotiators 
reach important leasing decisions even 
during the course of negotiations.” 

In another type of problem, a re- 
finery technician can determine pre- 
cisely how his over-all operation will 
be affected by delayed or inadequate 
delivery of a single item. A frequent 
decision that refinery management has 
to make is which crude oil to buy at 
various prices, and which chemicals 
and special equipment to use. Avail- 
ability of a computer enables better 
optimization of inventory and opera- 
tion—that is, selection of the least 
expensive additives, adding minimal 
relative amounts, and still mecting 
product specifications. 

Demands for computer time are 
growing as refinery operators learn 
what can be done with the net. The 
computer center has so far found that 
a “random” basis of operation is most 
efficient; most problems, especially the 
short ones, can be put on the machine 
at the first available gap in its utiliza- 
tion, usually the same day. For longer 
problems, however, time is booked in 
advance, a relatively simple matter re- 
quiring a letter, phone call, or voice 
explanation over the leased line. Each 
user is logged, and departments are 
assessed for their usage. 
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A GIANT RADIO HIGHWAY 
IS PERFECTED FOR TELEPHONY 


A radio relay system operating at 6 billion cycles per second and able to 
transmit 11,000 voices on a single beam of microwaves—several times as 
many as any previous system—has been developed at Bell Laboratories. 
Utilizing the assigned frequency band with unprecedented efficiency, this 
new, heavy-traffic system was made possible by the development and 
application of new technology by Bell Laboratories engineers and scientists. 


For example, they arranged for the waves in adjacent channels to be 
polarized 90 degrees apart, thus cutting down interference between 
channels and permitting the transmission of many more telephone con- 
versations in the same frequency space. They developed ferrite isolators 


to suppress interfering wave reflections in the waveguide circuits; and 
a new traveling wave tube that has ten times the power handling capacity 
of previous amplifiers and provides uniform and almost distortionless 
amplification of FM signals. They devised and applied a new high-speed 


diode switching system which instantly switches service to a protection 
channel when trouble threatens. 


To transmit and receive the waves, the engineers applied their in- 
vention, the horn-reflector antenna. Elsewhere, this versatile antenna 
type is brilliantly aiding space communication research in the recep- 
tion of radio signals from satellites. For radio relay, a single 
horn-reflector antenna can efficiently handle both polarizations of 
the 6000 megacycle waves of the new system; at the same time it 
can handle 4000 and 11,000 megacycle waves used for existing 


radio relay systems. Thus it enables all three systems to share 
economically the same radio towers and routes. 


Produced by the Bell System’s manufacturing unit, Western 
Electric, the new system is now in operation between Denver 
and Salt Lake City, and will gradually be extended from coast 
to coast. This new advance in radio technology is another example 


of how Bell Telephone Laboratories works to improve your 
Bell communication services. 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 





taking the 


overload off 


The trouble with using fuses to protect 
transistors from short period overloads or 
fault currents is simple: the transistor is 
by far the better (and faster) fuse. It can 
also be called too much “thermal inertia” 
on the part of the fuse, but the transistor 
still ends up the same way. 


As fate * would have it, a prominent 
relay manufacturer has now come to the 
rescue. We’ve -devised a simple little 3- 
terminal device that will prevent destruc- 
tion of transistors by DC overloads. It’s 
working in customers’ equipment, and 


operates in 1 to 5 milliseconds 
limits the transient, with a com- 
plete short circuit, to a maxi- 
mum of 5 times the set value 
interrupts currents up to 5 
amperes 

can be reset (locally or remotely) 
or designed to cycle 

will operate a local or remote 
warning light, buzzer, etc. 

can be supplied in a wide vari- 
ety of set points 


*and our New Business Program 


2 
cy 


— — operates within +20% of its 
set point 
— — doesn’t cost all outdoors 


You do have to allow for the resist- 
ance this overload protector introduces 
into the circuit, but it’s in the order of 
1 to 5 ohms and the voltage drop is a 
few millivolts, less than one-tenth the 
voltage drop of the conventional circuit 
breaker. 


To those who might question the 
economics of spending more than the 
transistor’s cost just to protect it, keep 
the alternatives in mind. If the burned 
out transistor(s) lets a machine produce 
a carload of 4-foot yardsticks or causes 
a few hours of expensive down time, the 
protection is cheap. 
computer?) 


(Ever rented a 


If you’d like some block diagrams of 
typical uses and an assortment of repre- 
sentative values and ratings, write to us, 
care of our Current Fault Division. 


SIGMA INSTRUMENTS, INC. 
69 Pearl Street, So. Braintree 85, Mass. 


AN AFFILIATE OF THE FISHER-PIERCE CO. 
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WHAT’S NEW 


Cold Tunneling Device 
is Newest Component 


A component that uses the electron 
tunneling phenomenon in a supercon- 
ductive state may open the door to a 
broad new field of electronic compo- 
nentry. Though still too new to fore 
cast specific applications, scientists at 
General Electric’s Research Laboratory 
in Schenectady, N. Y., hold great 
promise for an experimental cryogenic 
thin film device similar in effect to 
the tunnel diode. 

Developed by GE’s Ivar Giaever, 
the new device consists of two metal 
films separated by a very thin insulat- 
ing layer. With the films maintained 
at temperatures in their superconduc- 
tive region (about 1 deg K), Giaever 
has found that when he applies a 
voltage across the two films, the de- 
vice exhibits an S-curve—indicating a 
negative resistance region—instead of 
showing a straight line relationship 
of current increasing with voltage. ‘The 
S-curve is similar to the tunnel diode 
characteristic. 

¢ Simple, cheap, small—Application 
of this tunneling effect has up to now 
been relatively expensive because the 
tunnel diodes require careful prepara- 
tion of semiconductor materials. The 
GE devices apparently would be 
rather simple and inexpensive to fab- 
ricate—and would be much smaller. 

For the experimental models made 
in the GE laboratory, for instance, a 
narrow strip of metal film (say, alu- 
minum) was evaporated onto a glass 
slide. Aluminum oxidizes readily when 
exposed to air, and a thin (one 10-mil- 
lionth of an inch) oxide coating was 
thus allowed to form. Then a second 
metal strip (in one case, lead) was 
evaporated across the existing layers. 

When a potential is applied be- 
tween these two metallic films, a cur- 
rent flows (or actually, electron waves 
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NUMBER 6—APPLICATION SERIES 


Bourns Trimpot® Instead of a Fixed Resistor? 


Yes, these units meet the same Mil-Specs that fixed resistors 
meet and give you the added advantage of adjustability! 
Because of their design and construction, Trimpot potentiom- 
eters are virtually unaffected by the most severe shock and 
environmental conditions—a fact proven repeatedly in major 
missile and space programs. 


Trimpot units offer several kinds of savings. They minimize the 
need to maintain stocks of close-tolerance resistors—you can 
adjust to compensate for the variances of fixed components. 
Production labor costs are cut, too, for Trimpot units eliminate 


re 4 
Exclusive manufacturers of Trimpot®, Trimit® and E-Z-Trim 


~ 


JANUARY 1961 


trial-and-error matching of fixed units to the system. Savings 
also carry over to maintenance because the technician can 
adjust equipment quickly in the field—no time and dollars spent 
to replace components. 


Before you specify fixed units, investigate all the advantages 
offered by Trimpot potentiometers. Over 20 basic models (wire- 
wound and carbon)—in four terminal types and three mounting 
styles—are available on short notice from stocking distributors 
or factory. Get the facts...write for the new Trimpot brochure 
and list of distributors. 


1 BOURNS 


4 


EE ‘ 
. Pioneers in transducers for position, pressure and acceleration. 
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BY STANLEY M. INGERSOLL, Capabilities Engineer 


Report No. 15 
Type I1L2000 Alpha-Numeric Display Module 


Developed as a company-sponsored project, and the result of 
many years of visual readout system experience, this small, light- 
weight device can present from one to 64 individual characters 
within a maximum change time of 50 milliseconds. Its basic func- 
tion is converting digital computer outputs into visual display. 
The alpha-numeric display module is designed to incorporate 
versatility, clarity, speed, wide-angle viewing, and reliability. A 
mechanical locking device holds a character display until an 
erase input is received. Thus it is able to present information 
continually without any drain on the command input circuit. 
A memory circuit can be provided so that the module may be 
interrogated for the character being displayed. The module is 
internally lighted and each character can be read with clarity 
from a distance of 30 feet with an included viewing angle of 90°. 
In addition to 36 alpha-numeric characters, 28 additional charac- 
ter formats may be selected by the customer. 


Character Size 
Height — 1/2” 
Width — 5/16” 
Maximum number of characters displayed 
6 bit binary input — 64 
4 bit binary input — 16 
Nominal Operating Data 
Voitage -- 28 V.D.C. 
I : Power Requirement — .6 watt seconds 
per bit 
nformation Reset Power — .6 watt seconds 
Steady State Power — 0 watts 
Life Estimated — 5 x 10° random indications 
Lamp Voltage — 28 volts 


Technical 


4.5” including connector 


Weight — 5.5 oz. 








ACTUAL SIZE 








For more information and complete operating specifications, write 
or wire SM/I today. Address your inquiry to Stanley M. Ingersoll, 
Capabilities Engineer. 


SERVOMECHANISMS/INC. 


Los Angeles Division 
200 N. Aviation Boulevard 
E!l Segundo, California 
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WHAT’S NEW 


tunnel) through the insulating film. 
In the temperature range near absolute 
zero, when both metals become super- 
conductive, the current-voltage rela 
tionship exhibits the negative resist- 
ance phenomenon described above. 

The apparent case of fabricating 
these devices means that thousands of 
such elements could be made at a 
time. Mass production techniques 
could be devised, say GE experts, to 
evaporate the films and allow the oxi 
dation layer to form. Thus it has the 
makings of a cheap bistable element 
that could be used as a switch, diode, 
triode, resistor, or capacitor. 

l'o make a triode, for instance, the 
effect of magnetic fields on supercon- 
ductive materials would be employed; 
magnetic fields return a superconduc- 
tive metal to its normal state. Gia- 
ever has found that at 0.2 mv operat- 
ing potential, the current through an 
aluminum-oxide-lead sandwich at 1 
deg K changes by a factor of 100,000 
when the lead changes from super- 
conducting to normal. 

¢ Suitable for high speeds—The fre- 
quency of operation of the device 
would be limited mainly by its ca- 
pacitance. Giaever suggests that the 
time constant (RC) of these elements 
would be on the order of 10 millimi- 
crosec. And power consumption is 
very small: only a few millivolts. Scores 
of possible applications suggest them 
selves: practically anywhere a small, 
low power, cheap bistable clement is 
needed. 

Ihe big question mark in the use 
of superconductive devices is the need 
for a -cooling system to achieve the 
near absolute zero conditions. Dr. 
Guy Suits, GE’s vice-president and di 
rector of research, says that a suitable 
cooling system for equipment with 
this new device can now be made to 
occupy only | or 2 cu ft. 

So far Giaever has been able’ to ob- 
serve the S-curve only with dissimilar 
metals. But theory suggests that two 
films of the same metal could be used, 
and he expects to be able to prove the 
effect experimentally. 
> Arthur D. Little, Inc., Cambridge, 
Mass., research fim, is also working 
with this phenomenon. In_ fact 
Giaever and the ADL scientists, Dr. 
James Nicol, Dr. Sidney Shapiro, and 
Paul H. Smith, published initial re- 
ports of their discovery in the same 
issue of Physical Review Letters. 
Giaever had previously reported his 
work up to the point of maintaining 
only one of the film superconductive. 
ADL has applied for patents on its de 
vice (which it calls a tunneltron). 
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Foxporo Dynatoc Exectronic Controiiers in Utilities Division, at Kodak Park, 
Rochester, N. Y. control distribution of refrigerated water throughout Kodak Park Works. 


motor load - conductivity - pH - capacitance... 


Eastman Kodak uses Foxboro Electronic Dynalogs 


for dependable measurement and control 


One basic instrument measuring and 
controlling these and dozens of other 
different variables: temperature, 
weight, moisture, conductivity, pAg, 
flow, humidity, That’s what Foxboro 
Dynalog* Electronic Instruments do at 
Kodak Park Works in Rochester, N. Y. 

And they’re doing it without need 
for periodic maintenance. That’s be- 
cause Dynalogs have no slidewires — 
no balancing motors — no galvanom- 
eters. There’s nothing to wear out or 


get out of alignment — nothing to 
lubricate. And simple unit construc- 
tion makes changes in both type and 
range of measurement possible in the 
field — quickly and without affecting 
accuracy. 

Ask your Foxboro Field Engineer to 
show you the savings possible when 
you standardize on Dynalog instru- 
ments. Or write for Bulletin 20-10. It 
has full details. The Foxboro Company, 
851 Neponset Ave., Foxboro, Mass. 

*Reg. U.S. Pat. Off. 


Tuts Foxsoro DynALoc ConTROLLER is used 
with a 1/10-inch Foxboro Magnetic Flow Meter 
to control flow of an additive to Kodak’s paper 
machines at 0.1 gpm. 


FOXBORO 


REG. U.S. PAT. OFF. 
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REGULATOR 


630 KVA 


Smooth proportional control 
(5%-95% of rated power) 


Rapid response (one cycle 
of supply voltage) 
Introduces no power factor 
Compact and lightweight 


100% overload capability for 
five minutes 


Accepts AC or DC input. 


signal 


$3450.00 


3-phase model G6266 WJ-1 
(shown) is rated 450 amps at 


230, 460, or 600 volts. 


Other single and 3-phase 
models rated from 40 amps 
to 1800 amps. 
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EUROPEAN REPORT 


New Controls Spark Renaissance 


in Italian Machine Tools 


MILAN— 

Italy's machine tool industry is en- 
joying one of its biggest booms in 
history. 1960 production was 40 per- 
cent ahead of the 35,000 metric tons 
of machine tools produced in 1959, 
which was considered a good year by 
most builders. And 1961 is likely to 
be even better. At Italy’s second in- 
ternational machine toel exhibition 
(held here in November) builders ex- 
uded confidence, aggressiveness, and 
pride in their new designs—in sharp 
contrast to the pessimism about the 
future of Italian machine tools that 
shrouded these same builders at the 
first Milan show in 1958. Over 42,000 
visitors attended the show and bought 
over $10 million worth of tools. 

One factor contributing to this 
healthy growth is the unexpected turn- 
about of Italian labor’s attitude toward 
automatic tools. In 1958 builders 
faced militant opposition from labor. 
In 1961 Italy has a labor shortage in 
a number of areas, particularly in 
northern areas. The situation is forc- 
ing some companies to expand to the 
populous southern and central part 
of the “boot.” 

And the replacement market is 
growing, too. “If Italian companies 
replace just 10 percent of their current 
investment in metalworking and metal- 
forming tools, the Italian machine tool 
industry would have to double its pres- 
ent capacity,” a spokesman for the 
Italian Association of Machine ‘Tool 
Manufacturers said. Domestic build- 
ers have 70 percent of the Italian 
market, with German builders leading 
the list of exporters. 

«Control stars—Probably the most 
obvious trend at the show was the 
introduction of new control systems: 
programmed control—particularly by 
punched tape; on-machine gaging, and 
static controls were among the high- 
lights. The emphasis: flexibility, 
higher speeds, and more automatic 
cycles. 

Numerical control is a good ex- 
ample of how the Italian machine 
tool industry is moving. At the 1958 
show only one builder—Maxnovo Mec- 
canica di Precisione S.p.A.—displayed 
numerical control. This year competi- 
tion was growing: 

> Item: Olivetti of Milan offered a 


designed for and used in Olivetti’s own 
business machine production facilities, 
the system is analog and requires a 
computer to prepare the tape. The 
machine cuts cams up to a radius of 
300 mm (about 117 in.) with an ac- 
curacy of plus or minus 0.02 mm. 

© Item: San Rocco of Monza ex- 
hibited an electronic positioning sys- 
tem for a boring machine. X and Y- 
coordinate input data are inserted 
manually through dials, but the com- 
pany will soon announce a punched 
tape control for its boring machine. 

P Item: Caser of Pavia displayed a 
punched tape control that directs the 
positioning table of a turret drill press. 

And Maxnova, the pioneer, is still 
actively marketing its ““Telephotoma- 
tion” punched card control for a lathe. 

On-machine gaging was the main 
feature of a number of designs. For 
example, Apparecchi Elettronici Mar- 
poss displayed its established single 
and double contact measuring heads 
with the “finger lock” checking device 
(CtE, Jan. '59, p. 40). Riv of Turin 
has licensed the Moore Products Co.’s 
line of air comparators, multiple gag- 
ing, and sorting equipment—manufac- 
turing the machine gaging equipment 
in Italy. 

¢ Static controls surprise—One of 
the big surprises of the show was the 
inroad that static control has made 
on a market traditionally dominated 
by relays. Besides the line of Westing- 
house static control equipment manu- 
factured under license by Ercole Ma- 
relli of Milan, seven other suppliers 
exhibited static control. They were 
Pellizzari of Milan, Philips Italiana, 
Richardson Allen Italiana, Brown Bo- 
veri, CGE, Cea-Perego, and Riv. 

Italian machine tool builders used 
static controls on a broad range of 
equipment: grinders, piano-milling ma- 
chines, boring mills, and lathes. 

While the Italian machine tool in- 
dustry is booming, it is also undergo- 
ing an a change. Small 
firms are quietly disappearing or being 
absorbed by companies on the move. 
Almost 20 small builders vanished in 
the past two years. The trend to big- 
ness throughout Italy’s industrial com- 
plex is manifesting itself in bigger 
research budgets and growing capital 
expenditure plans. 

—Gene DiRaimondo 


cam milling machine with a punched 


Write Dept. CE, Box 6164, Minneapolis 24, Minn. tape electronic control. Originally 


McGraw-Hill World News 
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Inland | d-c torque motors 











provide direct drive servo positioning... 


O GEARS, NO B 


Complete range... 0.1 to 3,000 pound-feet 


Inland offers a complete line of compact d-c 
torquers for airborne, shipboard or ground service 
stabilization and tracking systems. Increased 
system accuracy has been achieved by mounting 
the torquers directly on the driven member. This 
completely eliminates gear backlash and other 
problems normally associated with gear trains, 
reduces substantially over-all friction error, and 
improves the over-all constant of the system. 
In addition, Inland’s d-c torquers combine the 
compact pancake shape with very high peak 
torque, low input power, and high angular 
resolution. 


Exclusive commutator and brush rigging design 





Inland has achieved this compact pancake shape = yj AND AMPLIFIERS—Inland makes a wide line of con. 
while maintaining the low-power input to high- trol amplifiers for systems duty with Inland torquers. 
torque output ratio of a d-c torquer. Write for technical details. 


COMPARE THESE RATINGS WITH A TYPICAL SERVO MOTOR-GEAR TRAIN COMBINATION 


T-2136-A T-2136-B T-2136-D 

Peak torque, oz. in. 35 35 35 
Volts at peak torque, stalled at 25°C 26.0 20.6 33.5 
Amps at peak torque 1.6 2.0 1.3 
Total friction, oz. in. 0.8 0.8 0.8 
Rotor Inertia, oz. in. sec? .007 .007 .007 
Weight, oz. 9 9 9 
Dimensions (inches): 

0.D. 

1.D. 1.00 1.00 1.00 

Thickness .63 .63 .63 


For complete data on these or other Inland d-c pancake torquers, address Dept. 5-1, 
Inland Motor Corporation of Virginia, Northampton, Massachusetts. 


1//§ UWLAND MOTOR so"erere: 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 
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Judging by 
the Company 
We Keep... 


.»+ “The Company We Keep”’ 
will accept only the best in 
control center design. 


The console shown above, part of 
a large control system for a 
modern process plant, is an ex- 








AROUND THE BUSINESS LOOP 


Seeds for Business 
Outlook Optimism Seen in 
Spending, Buying Surveys 


McGraw-Hill study predicts 
smaller drop in capital investment 
than some thought. Machinery 
orders will be off but will turn 
up later this year. 


U. S. industry’s plans for 1961 cap- 
ital spending show a 3-percent drop 
from last year’s expenditures, as_re- 
ported by McGraw-Hill Publishing 
Co.’s annual fall survey of business’ 
spending plans. But the drop seen in 
the McGraw-Hill survey is relativels 
small compared to that forecast by 
other economists. The McGraw-Hill 
study says total capital investment by 
U. S. firms this year should reach 
$35.1 billion; manufacturing com- 
panies cooperating in the survey indi- 
cate that thev will spend $14.3 billion. 

Investment in new plants and equip- 
ment—considered a key measure of 
prosperity in the national economy 
and the prime guide to instrument 
and control prospects—will be less this 
vear than last. But as indicated by 


the survey of business’ plans, the 


BUSINESS CAPITAL 


1959 
INDUSTRY 


lron & Steel. . 
Nonferrous Metals.......... .31 
91 


Actual* Estimated Planned 


$1.04 


slump is not expected to continuc 
into 1962. Preliminary plans (and at 
this early date they tend to be lower 
than the final figures but this vear ar 
especially tentative because of uncet 
tainty over the general economy) 
show U. S. spending for ’62 very clos« 
to last vear. 

¢ Stretched out—But 1960's final 
total of capital investment will be 
significantly lower than originally ex 
pected, because many firms have de 
layed expenditures into this vear. ‘This 
carryover contributes to the $35.1 bil 
lion investment total for the vear. 

The table gives a compilation of 
the results of the spending survey. It 
should be noted that these figures are 
not a forecast; they represent what 
business plans to spend (as of October 
1960). Companies participating im 
the survey are usually the larger com 
panies in their industry, and this may 
affect the results. However, morc 
medium sized and smaller companies 
were surveved this year than ever be 
fore. Also note that the figures in th« 
table do not add to give the total for 
all business. Segments of the econ- 


SPENDING PLANS 


1960-1961 
Percent 
Change 


(Billions of Dollars) 
1960 1961 1962 


Planned 


$1.52 $1.37 $1.18 
34 .34 .32 
1.15 1.11 1.11 


—10 
0 


Electrical Machinery... . . 52 62 .68 .63 +1 
Autos, Trucks, & Parts... . 64 .89 9S .02 + 
Transportation Equipment (aircraft, 
ships, RR eqpt.)..... 39 41 Rg .35 
Other Metalworking. . 88 sa 85 .87 
Chemicals. . : .24 61 .64 59 
Paper & Pulp......... 63 75 .69 53 
19 .24 .23 .20 
Stone, Clay, & Glass. .... .53 .63 .56 $3 
Petroleum & Coal Products 49 .45 52 50 
Food & Beverages 82 .94 99 .97 
Textiles 4) 53 42 .40 
Miscellaneous Manufacturing 07 1.28 21 13 
ALL MANUFACTURING... 07 14.33 93 35 
Electric & Gas Utilities. 67 5.89 14 01 
ALL BUSINESS........ 55 36.06 07 80 


ample of Electro-Mech functional 
design excellence which means the 


best. —10 


—12 
+ 2 
=- 6 


Allow us to quote on your entire 
control system requirements. 


! 
= 


Electro-Mech Corp. Norwood, N. J. | 


++ | 


nN 


gS 
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* U. S. Department of Commerce, Securities and Exchange Commission, 
McGraw-Hill Department of Economics. 
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Keeping track of a 


One day this year, the first U.S. astronaut may 
be rocketed into a globe-circling orbit, some 120 
miles in space. Although he will be a mere dot in 
the heavens, a vast world-wide network of eighteen 
tracking stations—including two operating from 
ships at sea—will provide monitoring of every phase 
of the high-flying astronaut’s journey in his orbit- 
ing spacecraft. 

Linking each of the tracking stations with the 
project’s Space Flight Center at Greenbelt, Mary- 
land, and Mercury Control Center at Cape Canav- 
eral, Florida, will be an array of Teletype equipment 
— Model 28 page printers, automatic send-receive 
sets and punched tape units. These Teletype com- 
munications devices will record and relay flight data 


Teletype page printer, tape punch and reader units will be used throughout Proj- 
ect Mercury's global communications network to gather and relay flight data. 
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Orbiting spacecraft of NASA's Project Mercury will be tracked 
by a global arrangement of 18 communications stations. 


man in orbit 


collected by tracking and telemetering equipment 
from the spacecraft’s instruments to the Flight 
Center, where an elaborate complex of data process- 
ing machines will coordinate and interpret flight 
data and provide directive information for the world- 
wide network of tracking stations. 


Teletype Corporation is indeed proud to be a part 
of the Western Electric industrial team selected by 
the National Aero- 
nautics and Space Ad- 
ministration (NASA) T F LE TY p 
to build the vast com- 
munications network 2ORPORATI 
so vital to Project ere teat 


Mercury. Dept. 21-A, 5555 Touhy Ave., Skokie, III 
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IS THE JOB 

DONE BY 

EECO’S 

LONG-LIVED 

TP-401 

PUNCHED-TAPE READER 


Looking for improved tape-ability? For sequencing automatic test- 
ing in ground support, or for the control of simulation devices, this 
ruggedized punched tape reader makes better, more reliable contact 
than any other reader because of unique springloaded pins. 


Reads 80 bits per frame at 6 frames per second. Searches at 12 ips. 
Includes neon-lamp verifier panel for quick checking of new tapes. 
Uses 1” paper or tough mylar tape with standard eight-level 0.1” 
punching. Manual or remote stepping, 4-digit frame counter with 
reset, other desirable features. 


Costs only $1,620 f.0.b. Santa Ana. (Or $1,490 for model TP-402 
without verifier.) Send for Data File TP-401. 


EECO also makes these other punched tape readers for special 
applications: 


Model TP-813 13-channel programmer for airborne use. $990. 
Model TP-201A 80-bit bi-directional programmer. $1,160. 
Model TP-860 8-channel time base programmer. $875. 


Automation Division 
Electronic Engineering Company of California 


1601 EAST CHESTNUT AVE. SANTA ANA, CALIF. KIMBERLY 7-5501 
® TWX: SANTA ANA CAL 5263 


Several important career opportunities are now open in EECO’s engineering 
department. Call or write Merl Perkins. 
Ee o-t8 


See EECO on Display——-Booth 2——Winter Convention of Military Electronics, 
iltmore Hotel, Los Angeles, Feb. 1-3 
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omy outside the direct interest of 
the control field have been omitted 
from the tabulation but added into 
the total. 

he second largest decline in spend- 
ing for this year is in the other 
metalworking industries group, which 
includes instruments along with fabri- 
cated metals. Figures for other con- 
trol goods are hidden in the totals for 
the machinery and electrical ma- 
chinery industries. 

¢Sales on the upgrade—Manufac 
turers, on the av erage, expect this vea 
to be a better one than 1960. ‘This 
was reported in the coincident study 
of business’ sales expectations. Manu- 
facturing companies forecast a 3-per 
cent gain, and an increase as large as 
any other industry group’s is seen by 
the other metalworking firms: 5 per- 
cent. These figures refer to physical 
volume, not dollar sales. 

From another McGraw-Hill research 
report, a quarterly machinery new or- 
ders forecast, some good news can be 
gleaned. The downturn in machinery 
orders expected by most experts for 
the first part of this year is foreseen 
also by this study. But there should 
be an upturn to last vear’s levels later 
in the year. 

Capital goods producers cooperating 
in the forecast saw the dollar volume 
of their new orders falling through the 
second quarter of this year. But they 
expected an upturn in the second 
quarter so that by the third three- 
month period, new orders should be 
flowing in at the same levels as in that 
part of 1960. 

The forecast indicated a dip of 11 
percent in bookings of new orders be- 
tween the third quarter of last year 
and the first quarter of this. But be- 
tween the first two quarters of this 
year, incoming new business was ex- 
pected by the companies reporting to 
be due to rebound 6 percent with an 
equal rise between the second and 
third quarters. So a disappointing 
start should be followed by steadily 
improving prospects. 


EDP Corners 
Business Exposition 


LOS ANGELES— 
Electronic data processing equip- 
ment sales will double within five 
years. This was the buoyant forecast 
of EDP makers participating in the 
recent Business Equipment Exposition 
held in the Memorial Sports Arena 
(Continued on page 150) 
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A COMPLETE RELAY LINE FOR 


Simplified, Economical Industrial Control 


This dependable Dunco relay “family” paves the 
way to practically any needed industrial control 
sequence, “memory” or operational circuitry 
feature. 

Smaller, moderately priced and requiring less 
operating power, Dunco 219 Frame relays have 
revolutionized many control panels previously 
“over relayed” with larger, more costly con- 
tactor type units than needed. ‘ 

Now, in matching types, Dunco offers 255 


mechanical latch, electrical reset and Frame 211 
sequence relays. 

All feature 12-pin plugs with heavy-duty 
industrial sockets. Contacts are conservatively 
rated at 10 amperes. Standard 150 volt electrical 
spacings are used throughout. All three types are 
designed for maximum control panel simplifica- 
tion and in minimum size for dependable service 
over millions of operations. 

Write for Data Bulletins on any type to 
Struthers-Dunn, Inc., Pitman, N. J. 


STRUTHERS-DUNN 


WORLD’S LARGEST ASSORTMENT OF RELAY TYPES 
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HONEYWELL 






The New Honeywell Thermal System 


withstands extreme vibration and corrosion conditions 


Here’s a new gas-actuated thermal system that takes the 
zig-and-zag out of temperature recording under severe 
vibration conditions. 


A complete series of vibration tests has proved 
the vibration resistance of the new Class III thermal 
system. In these tests, the Class III system was installed 
in a standard Honeywell rectangular case recorder, and 
subjected to forced vibrations in three mutually per- 
pendicular planes. With accelerations up to 0.2G from 
0 to 200 eps, maximum pen oscillation was limited to 
1.5°). For more than 75%; of the range, pen oscillation was 
less than 0.5%! ... with no resonant effects at 60 cycles. 


Check these many new design and construc- 
tion features: high-energy helix for increased sensi- 
tivity and lower dead spot; built-in overrange or under- 


ss 
wat sas 


range protection; stainless steel bulbs to withstand 
corrosive atmospheres; low carbon 316 stainless steel 
linkages with low-friction, ball-joint construction; coarse 
and fine zero adjustments for easy settings. 


Get the complete story on the new Class III Thermal 
System by contacting your nearby Honeywell field engi- 
neer today. He’s as near us your phone. MINNEAPOLIs- 
HONEYWELL, Wayne and Windrim Avenues, Philadel- 
phia 44, Pennsylvania. 


Honeywell 
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. .. and Minuteman and Talos and Atlas and Jupiter and Thor and Titan and Bomarc 


and Zeus and Pershing and hundreds of other military and industrial applications. 


For Delco Radio’s highly versatile family of 2N174 power transistors meet or exceed the most rigid electrical and extreme environmental 
requirements. 


Over the past five years since Delco first désigned its 2N174, no transistor has undergone a more intensive testing program both in the 
laboratory and in use, in applications from mockups for commercial use to missiles for the military. And today, as always, no Delco 2N174 
leaves our laboratories without passing at least a dozen electrical tests and as many environmental tests before and after aging. 





This 200 per cent testing, combined with five years of refinements in the manufacturing process, enables us to mass produce these highly 
reliable PNP germanium transistors with cOmsistent uniformity. And we can supply them to you quickly in any quantity at a low price. 


For complete information or applications assistance on the Military and Industrial 2N174’s or other application-proved Delco 
transistors, just write or call our nearest sales office. 


Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan EPENDABILITY 
1180 Raymond Blvd. 726 Santa Monica Bivd. 5750 West 5ist Street 57 Harper Avenue 
Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 D 
; ELIABILITY 
Division of General Motors - Kokomo, Indiana 


ad CIRCLE 44 ON READER SERVICE CARD CONTROL ENGINEERING 





Variable-displacement 


Single stage—to 1000 psi 


pressure compensated 


For top pump performance 
On every job! 


Only Vickers offers you a complete line of 
hydraulic pumps tailored to suit your per- 
formance, life and price requirements. 


> You can select from more than 500 standard models 
—vane and piston, fixed and variable displacement. 


*k You can choose models for use with oil or fire- 
resistant fluids—synthetic, water glycol and water- 
oil emulsion. 


*« You may obtain application engineering assistance 
from specialists responsible for a single line of hy- 
draulic products. 


*« Your replacement units and parts are stocked in 
regional warehouses . . . unequaled field and shop 
repair service is provided by factory-trained, ex- 
perienced technicians. 


k You are assured of simplified service and reduced 
inventory requirements with Vickers replaceable 
cartridge and repair kits. 


For more complete information, write for 70-page 
Catalog SOOIC. 


CKERS 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Machinery Hydraulics Division 
ADMINISTRATIVE ond ENGINEERING CENTER 
Department 1606 Detroit 32, Michigan 
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ELECTRICITY FROM NUCLEAR HEAT 


For employment \ 
write to: 
Personnel Director 

Division 61-4 | 
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an .| THIS IS A BETTER LATCHING RELAY 


j 


Better? Yes, in several ways. Bifurcated Contacts, for ex- 
ample, give improved reliability, especially in dry circuits. 
Contacts will not open during vibrations of 30Gs, 55 to 
2500 cps. A special method of sealing cover to base 
eliminates flux contamination of the contacts. And there 
are more. Here is Potter « Brumfield’s newest member of a 
distinguished family of micro-miniature relays: the FL Series. 


Expressly designed for printed circuit applications, this FL SERIES SPECIFICATIONS 
DPDT,3 amperes ((@ 30V DC) latching relay lies parallel to 
the mounting surface. Its height, when mounted, is only 
.485”, thus circuit boards may be stacked closer. Mounting Vibration: .195”, no contact openings. 10 to 
can usually be accomplished without studs or brackets, 55 cps. 30 Gs from 55 to 2500 eps. 

simplifying installation. Pull-in: 


Shock: 100 Gs for 11 milliseconds. No contact 
openings. 


150 milliwatts maximum (standard) at 
The FL will remain firmly latched in either armature position 25° C. 80 milliwatts maximum (special) 
without applied power, a significant advantage where power at 25° C. 

is limited and long relay ‘‘on" times are required. This relay Operate Time: 3 milliseconds maximum at 
may be operated by: hominal voltage at 25° C 

Transfer Time: 0.5 millisecond maximum at 


1. Pulsing each coil alternately (observing coil polarity), or nominal voltage ot 25° C 


2. Connecting the coils in series and operating from a 
reversing (polarized) source 

Write for complete information or call your nearest PaB Dimensions: L. 1.100” Max. —W. .925” Max 

representative. H. .485” Mox. Hermetically sealed only 


Temperature Range: —65° C to + 125°C 


Terminals: Plug-in pins 


SscG 11 DC SL 11 O08 SLG 11 DA 
(Latching) (Latching 


Other P4B micro-miniature relays include conventional and latching models in crystal cases with a wide 
range of terminals and mountings. All are made in a near-surgically clean production area under the 
exacting requirements of our Intensified Control and Reliability program. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


Le SOURCE FOR ALL MIiIiCRO-™MINIATURE RELAYS 


@ POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY . PRINCETON, INDIANA 


IN CANADA: POTTER A&A BRUMFIELD CANADA LTD., GUELPH, ONTARIO 





A MAJOR BREAKTHROUGH IN PROBLEM SOLVING 


*DYSTAC: Dynamic Storage Analog Computer, developed 
by CSI, incorporates high-speed repetitive capabilities with 
dynamic storage of analog data to an accuracy of 0.01% and 
with a time-base accuracy of +0.5 microsecond. This devel- 
opment has tremendously increased the versatility, economy, 
and speed of solution associated with analog computers. 

DYSTAC provides unique time-sharing of computer compo- 
nents and high speed reiterations. These features make pos- 
sible economic and rapid solution of complex problems that 
have required too many computer components or too long 
a solution time to be considered practical for either digital or 
analog techniques. Different combinations of this new devel- 
opment readily solve problems in four broad categories. 


w@ Sequential calculation, as encountered in the distillation prob- 
lem. Here, successive solutions to algebraic matrices are obtained 
from cycle to cycle at a repetitive speed of 60 cps until the 
probiem is solved. 

® Definite integral calculations. Varying definite integrals are 
evaluated from one cycle to another and held in memory for the 
successful solution of optimization problems. 


@ Rapid evaluation of multiple integrals. This technique can be 
employed for the solution of partial differential equations. 

@ Transient problems and difference-differential equations are 
solved with continuous memory 


For complete information or to arrange for a demonstration 
write, phone, or wire: 


Ss COMPUTER SYSTEMS, INC.., culver Road, Monmouth Junction, N. J. * DAvis 9-2351 


A Schlumberger Subsidiary « formerly Mid-Century Instrumatic Corp. 
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new concept indesign makes possible the... 


- 


: TYPE 3560 
=) VALVE 


POSITIONER 


Assured product performance through 
DYNAMIC ANALYSIS engineering 


Application of mathematical techniques of design 
to pressure control systems has enabled Fisher to 
eliminate the conventional approach in the de- 
velopment of the new V/P valve positioner. It has 
provided the V/P with the following combination 
of characteristics and performance. . . unobtain- 
able in any other.type of valve positioner. 








PERFORMANCE DATA SMALL AND COMPACT... only 65” wide and 8%” 
high (with gauges). 

Hysteresis, (Average) roel e i a be ee 
Linearity . . . . . aS required. Change CONVENIENT ADJUSTMENT. .. valve stroke and zero 


cams to obtain de- adjustment readily accessible and easy to make. 
sired characteristics 


Sensitivity . sees eae Ce SPLIT RANGE...no parts change whatsoever is re- 


Resolution Sensitivity quired for split range operation. 
Repeatability 
Stroking Speed 0.37 in/sec EASILY REVERSIBLE. : . reversed by simply moving 
flapper arm from one beam quadrant to the opposite 
quadrant. 


Air Consumption. ............ 10scth 


Break Frequency (5% of 
instrument pressure range) 


Break Frequency (3% of CHARACTERIZED CAMS... offer wide flexibility in 
instrument pressure range). ...... valve characteristics. 


The above performance data was taken from laboratory 
tests on a Type 657 diaphragm actuator, Size 40, with 
1%" travel. Instrument range 3 to 15 psi. 


Write today for Bulletin E-3560 











IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT'S CONTROLLED BY... 


FISHER GOVERNOR COMPANY 
Marshalltown, lowa / Woodstock, Ontario / Rochester, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA. 


SINCE 1880 
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Performance is the test of Space Technology Leadership 

The experience and creativity of Space Technology Laboratories in the field of space systems — both military and civilian — are 
documented in this record of accomplishment: Responsibility since 1954 for the over-all systems engineering and technical 
direction for the Atlas, Thor, Titan, and Minuteman elements of the U. S. Air Force ballistic missile program, and in such advanced 
space projects as Score, Tiros |, Transit 1B, and Mercury. Conduct of vehicle re-entry projects and the Pioneer |, Explorer VI, and 
Pioneer V advanced space probes on behalf of the Air Force, Advanced Research Projects Agency, and National Aeronautics and 
Space Administration. Contributions to these projects included design, fabrication, and instrumentation of spacecraft; over-all 
systems engineering and technical direction; direction of launch and tracking; and data reduction and analysis @ This perform- 
ance demonstrates the STL creative flexibility to anticipate and initiate responses to the space challenge. To discharge its growing 
responsibility in Space Technology Leadership, STL is now broadening the scope of its activities. Resumes and inquiries concern- 
ing opportunities with STL are invited from outstanding scientists and engineers, and will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC. p.o. 80x 95005z, Los ANGELES 45, CALIFORNIA 


a subsidiary of Thompson Ramo Wooldridge Inc. 


El Segundc * Santa Maria ¢ Edwards Rocket Base * Canoga Park > / Cape Canaveral * Manchester, England * Singapore © Hawaii 
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this is the 


actual size of the 


NEW, COMPACT, 


POWER 


with continuously variable 
current limiter... 


These new Regatrans are sparing only of 
space... delivering super-regulated, virtually 
ripple-free d-c power with the instant start-up 


and very high reliability of solid-state circuitry 


. and offering a group of features 
hitherto unprecedented in d-c power supplies 
of this size. 


REGULATION, LINE OR LOAD, 0.1% OR 0.01 V 





Dc 
MODEL output —_ 


NUMBER aon 
vours 








TR212A 0-100 
TRO18-1 0-18 
TRO36-0.2 0-36 








For a closer look, ask your local Electronic 
Measurements representative for a copy 
of Specification Sheet 5000. . . or write direct. 


a ee = ong fel. iio 
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Reg. U.S. Pot. Off. Patents Issued and Pending. 
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the most powerful | 





We Stinghou S e New 30-amp ratings, the industry's highest! 
These latest Westinghouse Silicon Power 
Transistors are especially designed for those 

30-amp silicon applications where you need more transistor 
power, extra long-life and extra stability un- 

mm der all operating conditions. Your choice 
rock-to p” of nine devices in this new family—each 

rated at 30 amps.—for greater flexibility 


a of circuit design in high-power applications. 
power transisto rs Other Westinghouse high-performance 
features include: + Exclusive ‘“‘rocktop’’ 
ceramic construction for greater reliability 
- Voltage ratings to 200 volts - Double-ended 
case design + Low saturation resistance « 
CIRCLE 53 ON READER SERVICE CARD 250 watts power dissipation. 





 . 


transistors you can buy... 


Production quantities of the type 115 fam- 
ily are now available. Westinghouse also 
offers the 2N1015 and 2N1016 series of 
Silicon Transistors, ideal as companion 
drivers. Military and industrial applications 
include: power supplies/regulators/ampli- 
fiers/high-power switching/inverters. 


For more information call your nearest 
Westinghouse representative or semicon- 
ductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Young- 
wood, Pa. Ssc-1012 

You can be sure ... if it’s 


Westinghouse 


For immediate ‘‘off-the-shelf” delivery, 
order from these Westinghouse 
Distributors : 


EASTERN 
ACK SEMICONDUCTOR, INC. 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC. 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO 
Camden, N.J./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N.Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N.Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N.Y./P1 6-6520 


VAAAA AONE LS 


WARAQARARA IANS 


MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 
indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC 
Chicago, 111./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC 
Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dallas, Texas/TA 4-300! 


WESTERN 
ELMAR ELECTRONICS 
Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO 
Inglewood. Calif./OR 4-8440 








INERTIAL 
ENGINEERING INGENUITY 


The Litton LN-3 Inertial Navigation System is a system in being. Production orders for 
this system to be used in the F-104 are, to the best of our knowledge, larger in number 
than those for any other inertial guidance system. The LN-3, consisting of a two-gyro, 
four-gimbal platform, computer, adapter, and controls, weighs less than 80 pounds 
installed. Even smaller systems, designed for orbital and sub-orbital guidance, are in 
development. These will weigh less than half as much as systems now in production. 


Do you have experience applicable to the integration of developmental inertial guid- 
ance and computer sub-systems into functioning prototype systems? Can you evaluate 
performance in such systems with a view toward increasing system capabilities even 
further? If so, contact Mr. Donald A. Krause of our Research and Engineering Staff 
regarding your interests. You can share in generous employee benefits, including stock 
purchase and tuition-paid education plans. Relocation assistance is provided. 


LITTON SYSTEMS, INC. 


GUIDANCE & CONTROL SYSTEMS DIVISION 
Beverly Hills, California 


“servo amplifier plug-in 
the LN-3 Computer is dis 
jarold F. Erdley, left, Di 
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NEW CLOCKS FOR 


add time-of-day to recorded data 
control taking of readings 

fit in Digital Recorder cabinet 
available for field installation 


New ® 570A and 571B Digital Clocks mount in the left-hand 
side of ® 560A and 561B Digital Recorders, respectively. The 
clocks may be installed in the field, and fit either in cabinet ar- 
rangement, as shown, or into a combined Recorder-Clock rack 
mount arrangement only 10%” high. 

Time appears as a 23 hour, 59 minute, 59 second presentation 
(12-hour clocks are available on special order). Display is by 
long-life, in-line indicator tubes. All time digits are available for 
printing. 

Two operating modes provide utmost usefulness. In the first 
mode, ® or Dymec Digital Counters, Digital Voltmeters or other 
external equipment control print rate; time being printed simul- 
taneously with other data. In the second mode, for tests where 
less frequent readings are desired, the Digital Clocks control the 
timing of readings. A front panel control selects reading rates of 
1 per second, 6 per minute, 1 per minute, 6 per hour or 1 per hour. 


HEWLETT-PACKARD COMPANY 
1029H Page Mill Road, Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
HEWLETT-PACKARD 8S. A. 


Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 


DIGITAL RECORDERS 


SPECIFICATIONS 


Indication: Six in-line long-life digital 
display tubes. Indication to 23 hrs., 59 
min., 59 sec. 


Time Base: Ac line, 1 pps from counter, 
or external 1 pps. 


Accuracy: Time base accuracy + 0,—1 
second. 


Print Control: Front panel control selects 
CLOCK or EXTERNAL control mode. 
PRINT RATE of 1 sec., 6/min., 1/min., 
6/hr., 1/hr. also chosen on front panel 
control. 


Output: Six time digits for time record- 
ing. Holdoff signals for ®, Dymec 
counters. 


Power Interruption Alarm: Front panel 
warning light. 


Analog Output: 570A retains analog out- 
put of 560A. 


Prices: @ 570A (fits ® 560A/ AR) $1,050.00; 
® 571B (fits ® 561B/BR) $950.00. 


Data subject to change without notice. 
Prices f.0.b. factory. 


Call your dp) representative for demonstration 
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As reliable as they are quiet, the EAI Series 5000 Tran- 
sistorized Digital Voltmeters combine a unique “Full- 
Time” high input impedance circuit with outstandingly 
accurate, high speed performance. 


EAI Series 5000 features include — 

C Full-time input impedance to 1000 megohms 
© Relative accuracy 0.01% full scale 

2 200 readings per second average 

© Input noise filter 

© Fully transistorized 

© Outstanding long term stability 

© Quiet, reliable, trouble-free operation 


Versatile as well as economical, these voltmeters provide 
decimal and binary-coded decimal electrical outputs for 
driving a full range of accessory equipment. Brilliant, 
easy-to-read projection displays eliminate “glow-through” 
ambiguity while providing wide angle reading -- even 
under adverse ambient lighting conditions. 


Write for complete details on the new Electronic Asso- 
ciates, Inc. Series 5000 Voltmeters, or call your nearest 
EAI Engineering Representative. 


EAI ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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INDUSTRY’S PULSE 


Growing Market in Europe 
And How to Sell It—Part | 


Production of German measurement and control 
equipment jumped almost 30 percent last year. French 
control makers reported a 15-percent gain in 1960, are 
looking forward to a 10-percent increase this year and 
again in 1962. British instrumentation rose 10 percent 
last year, is expected to grow another 20 percent in 
1961. All this is part of the mass production revolution 
that has hit Europe and turned it into one of the lushest 
markets in the world for measurement and control 
equipment. To satisfy a prosperous dynamic economy, 
European manufacturers are building sparkling new 
plants and updating old ones; both types are being 
equipped with the latest control systems and devices. 

As a sample of what is ahead, the chemical industry 
of Europe is expected to double its capacity over the 
next 10 years. European steel producers now plan to 
add 110 million tons of capacity in the next five years. 

“In many respects”, commented one veteran inter- 
national marketer, “Europe’s like an old fashioned 
U.S. gold rush or oil strike. Deliveries of standard 
equipment run from 10 to 18 months, and interest is 
almost unbelievable. At Interkama, a German instru- 
ment and control show, 110,000 people turned up. 
At Milan’s machine tool show, over 42,000 attended 
and bought $10 million worth of tools at the show.” 

For a detailed look at this amazing selling phe- 
nomenon, CtE asked its European newsmen for a last 
minute report. From Europe came back an almost 
unanimous reply: “Control business is booming.” 

From Bonn, Germany, McGraw-Hill Newsman James 
Morrison cabled this report. 

Full order books and delivery delays have forced West 
German manufacturers of control equipment to soft pedal 
research and development and concentrate their efforts 
on expanding production, repackaging their products, 
and transistorizing wherever feasible. In 1960 German 
production of measurement and control equipment topped 
$300 million—up from the $230 million recorded in 1959. 

As a sign of prosperity, Germany is suffering the 
worst labor scarcity in its history. The government im- 
ported over 96,000 unskilled foreign workers in 1960 to 
help ease the shortage. Skilled workers are at a premium, 

a situation that is slowing the increase of production in 

those industries (such as the control field) that require 

a large infusion of skilled labor. 

U. S. firms have been capitalizing on this. The 
Germons think that U. S. successes in Germany can be 
traced to America’s ability to deliver equipment almost 
off the shelf. In addition, subsidiaries of American firms, 
say plant engineers, are taking advantage of about a 
two-year lead in the state of the art: U. S. designs are 
about two years ahead of German ones. 

One plant engineer told CtE that U. S. companies 
have introduced a new selling era into Europe by send- 
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ing engineers—not salesmen— into the field to sell service 

as well as product. 

In Germany today the equipment used for measure- 
ment and control purposes is a mixture of electronic, 
electric, pneumatic, hydraulic, and optical control com- 
ponents. About 33 percent of production goes for 
hydraulic controls; 28 percent for electronic or electric; 
21 percent, pneumatic; and the rest, combinations. A 
representative of VDI, the association of German engi- 
neers, predicts that this proportion will shift sharply over 
the next few years. He says that electronic and electric 
control will grab up to 40 percent of production, while 
hydraulic controls would decline to 25 percent and 
pneumatics would drop to 14 percent of production 

Electronic control and instrumentation are definitely 
winning increased acceptance in the German machin- 
ery, machine tool, and chemical processing industries 
But German manufacturers feel that some of their 
designs are too large and complicated and are still using 
an excess of mechanical techniques instead of elec- 
tronic components that would reduce size and simplify 
the configuration (for an indication of how German 
designs have started to follow the U. S. lead, see CteE, 
December, 1960, p. 30). As part of this miniaturizing 
program German manufacturers are expecting wide 
usage of transistorized static switching. 

A recent survey of German users indicates that price 
is not the only criteria for purchase. In the study, well 
over 50 percent of the respondents said they bought 
control equipment primarily on the basis of reliability. 
Twenty-eight percent thought accuracy most important 
Only five percent rated price the dominant factor. 

In England, Derek Barlow, CtE’s European editor, 
noted a different situation. U.S. firms through licens 
ing agreements and subsidiaries have cornered a big 
share of the British market, estimated from 50 to 70 
percent. Barlow had this to say about the situation 

British production of control equipment in 1960 is 
expected to reach $237 million when the figures are 
all in, a striking comparison to 1957, for example, when 
the industry produced products worth only $184 million. 
Industrial controls account for half this output. Estimates 
for 1961 are even more optimistic. British manufacturers 
plan to increase their capacity by 20 percent, and in- 
strument and control production should grow as much 

One area that is planning extensive growth is the 
petrochemical industry. For example, Imperial Chemical 
Industries expects to spend $280 million developing a 
1,000-acre site at Severnside. First installation: an 
ethylene oxide and glycol manufacturing facility. And 
Esso Petroleum is building a 70-mile pipeline to move 
basic ethylyene to it. British Petroleum will build a $22.4 
million refinery in Northern Ireland. 

Another area that will be using a lot of instrumenta- 





LIFTON PRECISION OFFERS 


SIZE 8 


SYNCHROS 


OF GUARANTEED 


/ MAX. 
ERROR 


| Boece TR ae 


Extreme uniformity and thermal stability 
are maintained in these premium synchros 
in all electrical characteristics—and espe- 
cially accuracy. 


They are high temperature resistant units 
and retain their stable characteristics over 
a temperature range of —55°C to +125°C. 
Exposure to +150°C is feasible for short 
periods of time. 


These are production line units—not se- 
lected. Delivery is in 45 days; prototype 
quantities immediately. 


ROTOR AS PRIMARY STATOR AS PRIMARY RESISTANCE IMPEDANCE 


put Input Input Output 


Voy P 
SYNCHRO FUNCTION CPPC TYPE Voltage Current Power Voltage Sensitivity Shitt Voltage Current Pewer Voltage Sensitivity Shift Rotor = Stater ire ise Inss 
(406~) (Amps.) (Watts) Volts) (MV/deg.) (deg lead) — (400~) (Amps) (Watts) (Volts) (MV/deg.) (deg. lead) Obms) (Ohms) ( ) (Ohms (Ohms) 


ACCURACY 
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TYPICAL DISTRIBUTION CURVES ON LOT OF 1200 UNITS 


ACCURACY NULLS 


ELECTRICAL CHARACTERISTICS 


RACY 


hase Input Input input = Output Phase Maz. Noll 
e 


Vel 
(Mv) 


D.C. | ACCU- 





Torque Transmitter HGC-8-A-010 | 26 120 66 
atrol Transformer HTC-8-A-01C 


206 10.( - - ~ - 37 1 46+j210 11+j36.5 81.5+4j24 30 
- 11.8 .039 092 22.5 93 10.5 365 64 1400+j1420 60+j254 590+j176) 30 


For additional information, call or write our Sales Department, 5050 State Road, Drexel 
Hill, Pennsylvania, MAdison 2-1000, TWX LNSDWN, PA. 1122(U)—or our Representatives. 


CLIFTON PRECISION PRODUCTS CO., INC. 


Clifton Heights, Pennsylvania 


ENGINEERS—Join a pioneer in the rotary components field. Write David D. Brown, Director of Personnel. 
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tion and control is the steel industry. W. T. Marchment, 
chairman of the British Industrial Measuring and Con- 
trol Apparatus Manufacturers Association, credits the 
introduction of new processes for increased use of 
automatic control. Typical example; the new oxygen- 
blown Bessemer steel-making process. And, says 

Marchment, small companies now realize that they can’t 

afford to let automatic controls and instrumentation be 

the province of big companies. Many small industries 
are using small multiloop systems for the first time. 

This year will see the start of computer control in Britain. 
Ferranti has sold two applications of its Argus process 
control computer—one for automatic boiler startup and 
the other to control a chemical plant. Elliot-Automation 
has orders for 40 systems; 10 were exported to U. S. 
customers for on-line control; of the four delivered in the 
United Kingdom, two have been for on-line control. 
Elliot expects to sell over 40 more computer process sys- 
tems this year. 

Although most British companies are optimistic about 
1961, they are almost delirious over the prospects for 
1962. According to leading industrialists, 1962 will see 
the introduction on a large scale of major automatic 
control systems that will make extensive use of computers 
and data reduction systems. 

In Paris, McGraw-Hill Newsman Arthur Erikson 
sounded out executives of the French instrumentation 
and control industry, heard reports of growth that 
ranged from “10 percent a vear for the next three years” 
to “‘a major boom is developing.” Erikson cabled: 

At the Electrical Industries Trade Association the 
specialist on instruments and controls pegs future French 
instrumentation growth at about 10 percent annually for 
the next two or three years. This is on top of a three- 
year growth that has carried the industry to 1960 sales 
of $126.5 million, up 15 percent over 1959. Of this, 
$62.5 million represents instrumentation and controls 
including industrial control and nuclear instrumentation; 
the rest, $64 million, computers and data processing 
equipment. 

In the industrial control market, most people con- 
sider Material Electrique de Controle et Industriele 
MECI—rhymes with racy) the leader. The company 
manufactures a line that blankets the control field. 
Although wholly French-owned, MECI maintains close 
technical liason with the U. S.’s Leeds & Northrup. But 
the French company does more than copy L&N equip- 
ment. Practically every instrument is modified for French 
markets. For example, MECI’s new line of transistorized 
5-ma electric transmission equipment includes a tempera- 
ture transmitter based on a L&N design and pressure and 
flow transmitters and recording pots of French design. 

National production of instrument and controls does 
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not satisfy the French market. The U. S. is still the top 
source of instrument imports. Expansion plans of estab- 
lished American owned foreign subsidiaries (Honeywell 
expects to triple its facilities in France) and new ones like 
Robertshaw-Fulton may change the pattern. 

Practically everyone agrees that a big market for tech- 
nically advanced control systems will continue to exist 
in France for many years. 


How To Sell It 


Although an increasing number of instrument and 
control companies are trying to sell this exploding Euro- 
pean market, many companies are afraid of it. They 
tend to equate European selling with problems: com 
petition with cheap labor, language difficulties, and 
transportation and communication delays. : 

International marketers who have tried it find that 
selling the European market is not as hard as it often 
looks. For example, take the popular bogeyman of 
cheap labor. There is no question that European labor 
rates are lower than similar ones in the U.S. E. P. 
McKenna of Ford International Div., Ford Motor Co., 
recently pointed out to a National Industrial Confer- 
ence Board meeting that the average labor rate in the 
U.S. auto industry is $3.40 per hour, compared to an 
average of $1.15 in British auto plants, and $1.10 in Ger- 
man. But McKenna hastened to point out that the 
labor cost of a completed car in the U.S. is only about 
20 percent more than that in Germany or Britain be- 
cause of the increased productivity in American plants. 

McKenna says that many raw materials are more 
expensive in Europe than in the U.S. Many compo- 
nents can still be built cheaper in the U.S. than in 
Europe because of large volume American production. 
It all adds up, says McKenna, to strong evidence that 
a U.S. company can compete in Europe, against Euro- 
pean makers, with products manufactured in the U.S. 

Most experts warn that a company may not be able 
to sell all of its products in Europe. There is a better 
chance if the product is distinctive in design, made from 
sophisticated materials, or produced by highly mech 
anized production or patented process. 

Discussing the advisability of marketing U. S.-made 
components in Europe, another veteran marketer 
pointed out tl . Europe is overrun these days with 
Americans looking for European products they can sell 
in the U.S. But you never run into anybody studying 
a European economy to determine what U.S. compo- 
nents can be sold profitably in Europe, he says. 


(Next month, Newsmen from Milan, Zurich, and Washing- 
ton will report on European markets.) 
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DATA MATING PERMITS WIDE USE OF ANY OR ALL MAJOR 
INPUT-OUTPUTS...A MULTITUDE OF JOBS AT LOWER COST 


¢ New GE Data Mating permits simultaneous 
operation of every major peripheral device while 
computing. Result—the new GE 225: 

performs a multitude of jobs at much lower cost. 

provides greatest efficiency —maximum utiliza- 
tion of machine time. 

allows low cost input-output additions and sub- 
stitutions. 

permits many varying and money-saving appli- 
cations within one organization—including mini- 
mum cost conversion. 


e Data Mating enables GE 225 to be teamed with 
new MICR documents, punched cards, punched 
paper tape, magnetic tape, mass random access 
memory, drum memories, high speed printer, type- 
writer, high speed transmission lines. 


e High speed operation—25,000 five-digit addi- 
tions per second. 


¢ Compactness and low power requirements reduce 
cost of installation, site, air-conditioning, opera- 
tion and maintenance. 


e Practical for use in smaller firms where computer 
operation has heretofore been unfeasible. 


e Full range of services available — programming 
aids package, training and consultation, back-up 
computer centers, and maintenance program. 


For more detailed information, write 
today for brochure CPB-101 on the 
new GE 225 Information Processing 
System. Also available: brochure 
CPB-81 on the GE 210 Data Proc- 
essing System. 


Write to: General Electric Company 
* Computer Department « 13438 No. 
Black Canyon Highway « Phoenix, 
Arizona. 


Progress /s Our Most /mportant Product 


j 
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General Electric—A pioneer in computer systems for all phases of business, industrial, scientific, engineering, and financial endeavor. 
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PHILCO ANNOUNCES bs 


A COMPLETELY NEW FAMILY OF 
PNP SILICON TRANSISTORS ; 
WITH HIGH VOLTAGE ... HIGH BETA 
IN TO-18 PACKAGE | 


Produced by the Exclusive New Philco 
Strip Alloying Process 


Completely new to the industry, these Philco Silicon 

CHARACTERISTICS Precision Alloy Transistors meet a widespread need 

a (10v) fre (6v, 1ma)} f, (6v, one for medium frequency, high voitage, high beta silicon 
MAX transistors for both switching and amplifying appli- 
cations. An exclusive new production technique .. . 

strip alloying ... permits accurate measurement of 

the diode voltage rating and beta of every transistor 

during the manufacturing process. Never before has 


such close control in production been possible. 


The new SPAT family offers low saturation volt- 
age and high emitter base diode voltage rating. 
For complete information, write Dept. CE161. 


*Trademark Philco Corp. for Silicon Precision Alloy Transistor 


== PHILCO 

you hil Indus stria 

Semiconductor Distri ai ® 
| Famous for Quality the World Quer 


LANSDALE DIVISION e LANSDALE, PENNSYLVANIA 
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One Show Would Do 


“100,000 Jam Interkama” (International Congress and Exhibition 
of Instrumentation and Automation, Dusseldorf, September), shouted 
one story headline in this publication. “A record number of 42,000 
visitors trudged through Los Angeles’ new Sports Arena and an over- 
flow circus tent” at WESCON (Western Electronic Show and Con- 
ference, August) reported another CtE story. “55,000 attended the an- 
nual IRE dio in New York last March”’, the same story said. Yet a third 
story gravely stated, “Sparse Attendance Shakes ISA Show” (New York, 
September, for the exhibit was viewed by only 60 percent as many 
people as in 1959. 

What is the significance of the inconsistency in attendance? Reces- 
sion’, grumbles one man. “Electronic shows are stealing the audience” 
worries another. But the sum of these snap answers does not equal the 
whole reason for a situation in which one exhibit skyrockets and another 
plummets. There are three more penetrating influences today: 

* Scope—does any existing show offer a complete display of the new prod- 
ucts available to the conteal field? 

¢ Novelty—new products with new capabilities ought to be shown today, 
for the sidewise trend of capital investment gives creative control engi- 
neers both time and enough modernization money to apply innovations. 
¢ Frequency—there are simph too many exhibits with too narrow scope. 

Right now, January, 1961, is the time to examine the scope, novelty, 
and frequency of the shows through which an automatic systems engineer 
must prowl to attempt a complete view of control products. Because 
reduction in frequency is a step in the right direction, we compliment the 
ISA Executive Board for its plan to reduce, by 1962, to one national ex- 
hibit and one seasonal exhibit. But scope is not so easily adjusted, for the 
engineers will still need to attend WESCON and IRE to review develop- 
ments in electronic components and test instrumentation: Moreover, he 
will see only a smattering of motor controls, switching devices, relays, and 
adjustable speed drives, unless he circulates to such industry shows as the 
Power Show and the Production Engineering Show. The existing shows 
will adapt to the extent that their loyal exhibitors will permit, ‘but we 
doubt that any will adapt enough to become a showcase for what’s new 
in the entire control field. Therefore we urge a fresh start. It is time to 
organize a show that would occur every two years, that would concen- 
trate on new components and systems for control, and that would repre- 
sent all segments of the control ‘industry. 
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the new Donner 
model 3735 dual 
electronic multiplier 


Illustrating three of the Donner Model 3735 Dual Electronic Multipliers (6 channels) 
associated with one Model 3736 Multiplier Control. This equipment provides 6 independent 


precision multiplier/divider channels, completely self-contained in only 15% inches of 
panel height. 


SINGLE QUADRANT 
MULTIPLICATION 


& SQUARING ACCURACIES 


Donner’s new multiplier combines more most wanted features and high accuracies at a 
remarkably low cost. Check these features: 4 0.05% (FS) four quadrant multiplication ac- 
curacy. Completely compatible with all analog computers—no external power supplies 
or amplifiers required. + Built-in division and square root operations. . Modular con- 
struction with plug-in printed circuit cards. S- A 6 channel unit costs $3,800 or $633 per 
channel, compared to over $900 for comparable equipment. 


OTHER SPECIFICATIONS 


INPUT Four independent voltages, X:, Y:, Xz, and Y2 in the 
range of +100 volts. 


OUTPUT Two independent products, —0.01%:¥: and —0.01X:Y2, 
in the range of +100 volts at 10 ma maximum load current. 


DRIFT Less than 100 mv over an 8 hour period. 
NOISE Less than 100 mv, peak. 
PHASE SHIFT Less than 1° at 100 cps. 


ZERO ERROR With one variable = 0 and other ranging over 
+100 volts, maximum error in product is only 40 mv. 





The use of plug-in printed circuit cards in the DIMENSIONS Model 3736 Multiplier Control panel 51% x 
Model a735 Oval uitiplier assures adequate 19 inches. 

ventilation and easy access to all components i is 
shows 2 channel unit. Available in 2, 4. Model 3735 Dual Electronic Multiplier panel 342 x 19 inches. 
or 6 channels 


Complete technical information on the Model 3735 Dual Electronic Multiplier is ready now. 
Call your nearby knowledgeable Donner engineering representative, or write Dept.21, 


pa] @) Pe Ea | e SCIENTIFIC 888 GALINDO STREET - CONCORD, CALIF. 
COMPANY MUlberry 2-616] 


A Subsidiary of Systron-Donner Corporation 32 
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HOT GAS CONTROL SYSTEMS—I 
Basics of Hot Gas System Design 


THE GIST: This first in a series of three articles by Kidde engineers intro- 
duces the subject of hot gas controls by explaining why and where they are 
used. Author Schmidlin also delves briefly into the problems of designing 
gas power control systems. The next article will deal more specifically 
with hot gas servoactuator systems, and the third will cover hot gas reactive 
control systems. These articles will present the basic approach to the type 
of system, the choice of hot gas generator, and the choice of servovalves and 
other hardware to produce the best system. Typical system performance 
will be given as well as the analytical approach in system design and the 
analog studies leading to final system compensation. 


ALBERTUS E. SCHMIDLIN 
Walter Kidde & Co., Inc. 


Hot gas is made up of the products resulting from 
chemical combustion or decomposition, producing 
energy in the form of gas mixtures at high tempera- 
tures and pressures. Hot gas is described as a fluid 
which has reached its state as a result of heat re- 
leased from within. Thus by definition, high tem- 
perature air is not classified as hot gas, although 
the dynamic characteristics of both are similar. 

Control systems using hot gas may be broken 
down into two classes: reactive and servoactuator 
systems. In the former, hot gas is directed in such 
a fashion that reaction forces cause, for example, a 
desired change in the attitude of an aerospace vehi- 
cle. Servoactuator systems might employ hot gas 
as the actuating medium to displace a linear actu- 
ator to position a vehicle’s attitude control surface. 


Why hot gas systems are used 

Hot gas systems are considered because of a com- 
bination of properties particularly needed in aero- 
space vehicles. They include: 

¢ Temperature capability—High pressure pneumat- 
ics have long been studied to replace hydraulic sys- 
tems in air vehicles in order to meet high tempera- 
ture conditions. Although originally it seemed that 
the temperature problem was going to be a great ob- 
stacle in the space age, high temperature conditions 
are now isolated to specific areas of the vehicle and 
to particular parts of the flight profile. Equipment 
installed near the blast of the rocket engine, for 
instance, faces a high temperature problem. But 
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modern thermal insulation introduces sufficient heat 
conduction lag so that equipment for intermittent 
operation may not experience high temperatures at 
all during the required operating time. Therefore 
the present-day ambient temperature requirement 
for hot gas equipment does not exceed the 275-400 
deg F range. In the future, continuous duty on 
hypersonic vehicles will require equipment for am- 
bient temperatures in the 1,000-2,000 deg F range. 
Also, hot gas systems are able to meet other extreme 
requirements of modern rocket environments. 

* Safety—A big advantage over many hydraulic sys 
tems is the elimination of the fire hazard in the 
event of leakage. 

* Fast start ability—The combination of vehicle 
complexity and the fast pace of launching calls for 
fast starts from each subsystem, a capacity possessed 
by hot gas systems. In addition, these systems are 
also capable of meeting the further requirement that 
this fast start be possible after indefinite storage 
times. Depending on the type of propellant (solid 
or liquid) and the type of ignition used, starting 
times ranging from a few milliseconds to a few 
hundred milliseconds are possible. 

* Light weight—The gross weight at launch of 
space vehicles has become more important than it 
was for air vehicles. The suitability of hot gas 
systems where weight limitations are important is 
shown in Figure 1, where a picture is given of 
the installed weight vs operating time for different 
types of energy-producing systems. The high re- 
liability of the air-bottle type of system is seen to 
be offset by its weight (and bulk). Though not 
shown on the chart, the self-containment of the air 
compressor system is offset by its weight, bulk, and 





complexity. The hot gas generator, on the other 
hand, provides an extremely advantageous type of 
gas producer for the duty cycle seen in space vehicles. 

* High reliability—Because of its simplicity, the 
hot gas system provides the ultimate in reliability. 
The newer solid propellants and new developments 
in liquid propellants offer a choice of characteristics 
so that specific requirements can be easily met. 

*Capacity for system integration—Since weight 
and bulk, along with reliability, are so important in 
space vehicles, it is important to design systems so 
that each component can perform as many different 
functions as possible. By means of this cross-mul- 
tiplicity of duties and a careful study of redundancy 
where needed, an optimum over-all system can be 
devised. Cryogenic fuels, for example, will undoubt- 
edly play an extremely important role in future hot 
gas systems because of the fuels’ capacity to perform 
a multiplicity of functions (Ref. 1). 

The integrated auxiliary power unit and control 
system combination illustrates the possibilities in- 
herent in the optimum use of propellant properties. 
In a cryogenic hydrogen-oxygen system, for instance, 
it is evident that this system can be used for re- 
frigeration, for hot gas generation, to produce water 
needed for survival, as well as heat in the form of 
steam; and it can perform these duties on a con- 
tinuous or intermittent basis. Thus the hydrogen 
and oxygen are employed in a continuous type of 
process system. In fact the hydrogen and oxygen 
combination as a gas or liquid probably will not be 
exhausted as such. The need for power actuation 
and the use of the byproducts of power actuation 
in an integrated space vehicle are so numerous and 
various that, by the time they are used for breathing, 
drinking, moisture for food production, equipment 
cooling or heating, bearing lubrication, accessory 
pressurization, guidance and control computing in 
gyros, etc., it seems there will be nothing to discard. 
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Fig. 1. Installed weight of air and hot 
gas systems as a function of duty time 


¢ Performance—An example of how the advan 
tages of hot gas systems listed above can be em- 
ployed in a high performance system is shown in 
Figure 2. The schematic is of an integrated cry 
ogenic spacecraft system now under development 
at Walter Kidde. The pure gases are used in heat 
exchangers to cool other parts of the vehicle, and 
hydrogen is used in a reactive control subsystem to 
control the attitude of the craft. In addition, hy 
drogen and oxygen are combusted to drive a turbine 
that powers an alternator to provide electric power. 

his is an example where no other control system 
medium could have filled the bill at all, let alone 
at the weight and size of a cryogenic gas system. In 
general, while there have been no instances of hot 
gas systems being substituted directly for hydraulics, 
gas systems have been shown to be equivalent in 
performance but with the added weight and syjace 
advantages, to say nothing of their storability, inte 
gration capability, etc. 

The specific features of various propellants and 
gas generators will be discussed in more detail 
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Parts Il and III of this series. At that time it will 
be evident that the present state of the art does 
provide suitable hardware that is being used in cur- 
rent missiles. Some of these applications are for 
relatively short life during launch or during reentry, 
but others are used intermittently over long periods 
of time. 


Where hot gas systems used 


Another example of the system integration de- 
scribed above is shown in Figure 3, which indicates 
a combination aerodynamic and reaction control 
employing the jet spoiler principle. In this case the 
hot gas disturbs or spoils the normal air flow over 
the control surface and acts as a fence or spoiler. 
Tests have shown that the jet spoiler continues to 
perform at higher angles of attack and Mach num- 
bers than does the deflected surface type of control. 
Furthermore, the drag characteristics are favorable 
compared with those of conventional controls. 

In addition, the reliability of such a system is ad- 
vantageous since actually there is only one moving 
part: the valve which controls the hot gas flow. Also 
the mechanical equipment of a conventional con 
trol has been eliminated, and the stresses of the 
forces on the jet fence are no longer borne by the 
airframe of the vehicle. The change in the effective 
air pressure is felt on the control surface, of course, 
since this is the desired result of employing a spoiler. 
During aerodynamic flight this effect can be used 
to control the attitude of the vehicle. The only 
other force effect on the space vehicle itself is the 
reaction from the jet. It is this reactive force then 
which can be used in the same vehicle during space 
flight where there are no aerodynamic effects. ‘This 
is an extremely simple type of control system which 
can be used for both segments of the flight profile: 
in the atmosphere and in space. 

Another application of this principle is secondary 
injection for thrust nozzle vectoring control. By 
injecting a fluid into the side of the nozzle, down- 
stream of the throat, the main propulsive stream is 
deflected off center. The side component of the 
thrust produces the force needed to correct the 
orientation of the vehicle. This technique can be 
applied as an on-off control or as a modulated type. 

Perhaps more familiar is the technique of aug- 
menting lift, rather than spoiling it, which is com- 
monly called boundary layer control. Preliminary 
analysis of this phenomenon shows that a lift factor 
(ratio of actual increase in lift to reaction of the 
flowing jet) of 2.5 is possible (Ref. 2). 

Hot gas systems have also been widely applied as 
servoactuator devices. These units are performing 
in the laboratory for vectoring rocket nozzles, posi- 
tioning aerodynamic canard surfaces, and control- 
ling jet vanes in rocket nozzle exhaust systems. The 
next section describes and illustrates several simple 
aerodynamic controls for positioning a control sut- 
face in various attitudes. 
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Starting the design 


To meet system requirements in missiles and 
space vehicles, a higher standard of performance is 
needed than for the older, pneumatic servos. ‘The 
use of hot gas in a servemechanism poses new prob- 
lems for the control engineer. Hot gas cannot be 
considered simply as another fluid medium and 
cannot be substituted for the liquid in a conventional 
hydraulic system. The compressibility of a gaseous 
medium introduces a new variable which is not of 
critical importance in the hydraulic control system. 
The use of new techniques in pneumatic system 
compensation, however, has led to the development 
of practical controls which can be used in many 
aerospace vehicles. 

The simplest type of system for aerodynamic 
control is the bang-bang or on-off system. The 
schematic of Figure 4A and the photograph, Figure 
4B, illustrate such a system. ‘The basic idea can 
be used in different ways. The most elementary 
type is one in which the control surface is positioned 


FIG. 3. Aerodynamic 
and reaction controls 
combined in one system. 


in any one of three different positions: center, full 
right, and full left. Further refinement of the 
concept leads to another version. In effect this is 
a stepping-type device which, for that shown in Fig- 
ure 5, provides six steps each to the left and right. 
Typical response characteristics of these units are 
as follows: for the three-position type, a total re- 
sponse time of 30 millisec for full load hinge mo- 
ment of 50 Ib-in. and a hinge deflection of 15 deg. 
Typical for the stepping type are a hinge moment at 
maximum deflection of 50 Ib-in. and a maximum de- 
flection of 15 deg in six steps at a rate of 20 per sec. 
For applications requiring faster response char- 
acteristics under high inertia loads, compressibility 
of the gas must be considered. If the gas is used in 
a piston-type device, the spring rate of the gas piston 
assembly influences the over-all spring rate and in 
practice determines natural frequency of the system. 
In general the low natural frequency of a gas 
power actuator is not desirable when employed in 
a servosystem. An earlier Conrrot ENGINEERING 
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I1G. 5. Hot gas stepping-type device. 


article presented a comparison of the undamped 
natural frequencies of simple hydraulic and pneu- 
matic systems (Ref. 3). This analysis showed that 
the bulk modulus of the medium has an appreciable 
effect on the undamped open-loop natural fre- 
quency. The expression for this frequency was 
given aS wn, = (keb + A*)/ksm. From the values 
given in Reference 3 it is evident that ks, the fluid 
compliance, is the predominating factor. For the 
case presented there o,, = 428 rad/sec for the hy- 
draulic medium, o,, = 9.2 rad/sec for the pneu- 
matic. Closing the loop with proper compensation 
results in a marked improvement in the over-all 
performance of the system. 

The servoactuator shown for rocket nozzle posi- 
tioning (Figure 6) meets the requirements with a 
reasonable margin of safety. The requirements of 
this servoactuator are as follows: inertia, 42 Ib-in- 
sec”; spring load, 38.5 lb-ft per deg; and response, 
flat to 3 cps. Testing has shown a 90-deg phase lag 
at 4.2 cps and an attenuation of 3 db at 5.0 cps. 
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FIG. 6. Servoactuator used for rocket nozzle positioning 


These results were attained with position and rate 
feedback paths, as will be shown in the second 
article of this series. 

For the aerodynamic type of control, a frequency 
response of 15 to 20 cps is desired. In many of 
these systems, however, the inertia loads are much 
lower than those experienced in rocket nozzle posi- 
tioning. ‘Therefore the natural frequency of the 
gas power piston system is improved, but not 
enough to meet requirements. The requirements 
in this case are: surface deflection, 25 deg; inertia, 
0.5 Ib-in.-sec*; spring rate, 8.3 Ib-ft per deg; friction 
load, 200 Ib-in.; response, flat to 10 cps. Typical 
response characteristics of a simplified canard sys- 
tem (no spring rate and zero friction loading) with- 
out compensation are shown in Figure 7. Test 
conditions and phase lags are listed in the accom- 
panying table. Under load extremes the system 
does not meet the specification. A system meeting 
the requirements given above will be discussed in 
detail in the next article in this series, where analog 
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computer simulation studies will also be presented. 

For vehicles traveling in space, since aerodynamic 
control cannot be used, the attitude of the vehicle 
must be controlled by some other means. Usually 
this is done by employing reactive forces acting on 
the vehicle to produce the motion needed to cor 
rect orientation. The simplest type of reaction con 
trol is one employing nozzles or thrust motors. Such 
devices have been proven in service and are em 
ployed in a system of the type shown in the sche 
matic of Figure 8. These systems can be either 
on-off or proportional and have been used in both 
the cold gas and hot gas variety. 

As one would expect, the use of good design prac- 
tices based on fundamental knowledge of compress- 
ible gas flaw ‘is needed for proper system design in 
the reactive contro] system, just as it is for the piston- 
type servoactuator. Long transmission lines, for 
example, introduce a transport lag of 1 millisec per 
ft ideally for the first impulse and an additional 
time lag for complete stabilization of the system 
during flow. In actual practice, however, pneu- 
matic transmission lines are not ideal and actually 
attenuate and distort the signal so that the first 
impulse sometimes takes twice the ideal transport 
time (Ref. 4). Furthermore, transient pressure 
phenomena at the nozzle are affected by the rela- 
tive proportions of lines and valve sizes. Work done 
on cold gas systems by the National Bureau of Stand- 
ards indicates that unusually high pressure pulsa- 
tions can persist for periods of time approaching 10 
millisec in relatively long lines. Here long lines are 
defined as approximately 40 in. 

Other work at NBS analyzes upstream and down 
stream line lengths of approximately 20 diameters 
from the control valve. The results shown in Fig- 
ure 9 indicate that the shock front in the down- 
stream section can approach the original pressure 
upstream of the control valve even though the total 
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FIG. 7. Frequency response of a closed-loop canard 
system tested uncompensated with hydrazine using 
restricted bleed servovalve. Test conditions and 
phase lags are given in the table. 
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FIG. 8. Third stage reaction 
control system for the Scout missi!é 





Four 40- of 


volume occupied by the gas is doubled and the 
inlet flow to the system is zero. Such peaks occur 
for Case I where the control valve is assumed to 
open instantaneously and offer zero restriction to 
flow. For smaller valve areas it is obvious that the 
peak pressure will be reduced. For the extreme 
Case III the filling time of the downstream tube is 
such that a step-by-step pressure transient develops. 
For a pulse-type reactive control system. neither the 
high pressure peak nor the stepped transient rise is 
desirable because the transient period represents 
an appreciable part of the total pulse time. There 
fore, it is most desirable to have a short rise and a 
minimum overshoot. It would seem that Case I] 
approaches the ideal for a reactive control system. 
The graphs represent extreme cases since the test 


CANARD SYSTEM TEST 


Phase Lag 


Temperature 45 deg 90 deg 





(psi) (deg F) (eps) 
200 760 11 


300 890 : 11.5 

400 990 § 13 

500 1,050 ; 13 
1,000 1,150 13 





TEST 
CONDITIONS 


4 a Hydrazine, 1,800 deg F in chamber 
pply pressures as noted 
ient Temperature: 70 deg F 
pe Inertia: 0.5 lb-in.-sec* 
Load Spring Rate: none 
Rate: none 
Input Amplitude: +0.135 in. (+4.4 deg) 
F k Gain: 265 ma/in. 
Maximum Canard Rotation: +28.1 deg 
Radius Arm: 1.75 in. 
Piston Area: 3.14 sq in. 











TRANSIENTS IN HOT GAS SYSTEMS 
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— 30 millisec — —_—— 30 millisec - 30 millisec — 
Case I Case I Case I 


FIG. 9. Transient pressure at the nozzle as a function of 
valve to pipe-area ratio: Case I—No restrictions; Case II— 
- Restriction area, Am/A—0.268: Case III—Restriction 
area, Arn/A = 0.067. : ‘ ; Nozzle 











FIG. 10. Effect of geometry of the transmission line 
on reflected pulsations. Raz = ratio of cross sec- 
tional area of the attenuator to that of the line; 
pr = (Po — p)/p, where p = pressure, p. = refer- 
ence pressure, both in psia. 





reflected pulse at F, P 


nf 


and analysis were conducted assuming zero flow at 
the nozzle, that is, a dead end condition at the 
nozzle and zero flow input at the supply end. Also 
the analysis was based on a control valve midway 
between the source and the nozzle, with approx- 

imately 20 diameters upstream and downstream. So eae aS cae ae 

from a reactive control system point of view, the Ratio of line area to nozzle area, R, 
results represent extreme conditions which usually 
can be avoided by proper system design. 

The pressure transients mentioned above indicate 
phenomena which occur at the nozzle. Further 
NBS research illustrates the transient conditions 
which persist at the gas supply end of a pneumatic 
transmission line. ‘The work in this study was in- 
tended to provide information which would mini- 
mize the undesirable pressure transients at the 
inlet end of a transmission line. ‘This analvsis, 
including reflected waves, led to Figure 10. The 
results show that to minimize the amplitude pr = 
(Po p)/p of reflected waves at the supply end 
of the transmission line, point F, an attenuator vol- 
ume should be installed at that point. From a 
response standpoint, however, this introduces a large ne ft hae 
time constant at the nozzle end. Therefore it is REFERENCES 
recommended that the system design as shown at SPACECRAFT POWER FROM OPEN-CYCLE CHEMICAL 


‘ . . T ] 'S J t r ( M ; yy ms x”? y > I 
(b), that is, with the attenuator volume at the rURBINES, Antonio Orsini, “Astronautics”, Volume 4, Num 
ber 12, December 1959. 


nozric. be used as the best compromise. It is in INVESTIGATIONS OF THE BOUNDARY LAYER CON 
teresting to note that arbitrary location of the at- TROL ON FULL SCALE SWEPT WING WITH AIR LED 
tenuator at some point near mid-span represents tr Bey = ge Behn Ay carmel otaaemare 
eye : ‘ t Quinton, A T} 331, April 1952. 
> Wor . slatede : > » = 
the we rst condition relative to this phenomenon. SELECTING POWER CONTROL VALVES—II, J. L. Sheare 
The above considerations must be taken into ac- and S. Y. Lee, “Control Engineering”, April 1956. 
count in the preliminary design stage of the reactive CONTROL SYSTEM COMPONENTS, Gibson & Tuteur, Mc 
control system. ‘The configuration of the vehicle Graw-Hill Publishing Co., Inc., New York, 1950. 
must be studied carefully and an early choice made >. HIGH PRESSURE PNEUMATIC SYSTEMS FOR INDUS 
: : ‘ ao 2 - RY, A. E. Schmidlin, presented at Purdue University Control] 
between centralized gas generators with distribution Systems Components Conference, May 1959. 
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lines vs integral motor and gas generator designs. 

The hot gas type of contro] meets the most strin- 
gent conditions of light weight, compact size, and 
high reliability. In production, for example, is a 
typical hydrogen peroxide thrust motor of 44lb 
thrust with a response time of 30 millisec from elec- 
trical impulse to 90 percent of rated thrust. This 
motor is used in the third stage of the Scout missile 
and has the capability of being actuated repeatedly 
in space with hydrogen peroxide for a period of over 
48 hr. Such motors are presently available in sizes 
from 4 to 600 Ib thrust. 
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New Continuous Path System 
Uses DDA Interpolator 


H. B. HENEGAR 
Industrial Controls Section 
rhe Bendix Corp. 


THE GIST: Using digital differential analyzer 
techniques, this completely transistorized 
machine control system is capable of both 
linear and circular interpolation. The circular- 
interpolating ability adds two major advan- 
tages: 1) computer time required for tape 
preparation is reduced since the need for 
approximating arcs with small 
straight line segments is eliminated, and 2) 
parts consisting of arcs of circles and straight 
lines can be programmed without computer 
assistance. 


circular 


As in previous Bendix continu- 
ous path systems, the interpolator is con- 
nected directly to the machine tool servo 
drives without an intermediate tape link. 
The semiabsolute position-transducing sys- 
tem is of the phase analog type using resolvers 
as feedback devices. With a typical resolu- 
tion of 0.0002 in., maximum cutting rates 
exceed 200 ipm for straight lines with a maxi- 
mum circular rate of one-half the linear rate. 


he Bendix Dynapath system is a continuous 
path machine tool control unit capable of linear and 
circular interpolation. Information is supplied to 
the control unit on eight-channel plastic punched 
tape via either a mechanical or photoelectric tape 
reader. The control unit is completely transistorized 
and utilizes modular plug-in construction for ease 
of maintenance. An operational test program is built 
into the control to facilitate preventative main- 
tenance (similar to maintenance provisions included 
in the Bendix system described in Reference 1). 

In a control unit capable of only linear interpola 
tion, arcs are approximated by many short, straight- 
line segments. ‘Thus many separate commands must 
be generated by the computer being used for tape 


JANUARY 1961 


preparation. Adding circular interpolation to the 
control unit allows a circular arc to be generated 
with a single command, and computer time is re 
duced accordingly. If it is expected that parts con- 
sisting mainly of straight lines and circular arcs are 
to be cut, a less expensive mechanical tape reader 
may be capable of meeting the input data rates of 
the control system. Without circular interpolation, 
a high speed photoreader is a necessity if reasonable 
feed rates are to be attained on arcs. 

When simple parts consisting of straight lines 
and circular arcs only are to be cut, it is possible to 
prepare or modify tapes without the use of a gen- 
eral purpose computer. Cutter-center offset and 
feed number computations must~be handled by the 
tape programmer. Feed number calculation has 
been made relatively simple with the aid of nomo- 
graphs available from Bendix. 

Input information is recorded on standard eight 
channel punched tape. This information may be 
in either straight binary code or in binary-coded 
decimal form. The choice of Dynapath with linear 
interpolation and straight binary code input will 
allow interchangeability of tapes with previous Ben 
dix continuous path systems. Circular interpolation 
requires additional data on the tape. The binary 
coded-decimal format is useful in that it allows the 
preparation and modification of simple control tapes 
using Only a Flexowriter. An address type of format 
is used with individual codes being in agreement with 
those of the Model FPC-8 Verifier Flexowriter. All 
characters used are approved by the EIA’s Subcom 
mittee TR 24.1.2 on numerical controls. 

The serial binary digital differential analyzer uses 
magnetostrictive delay lines for dynamic storage. Its 
transistorized construction leads to more reliable 
and lower volume circuitry, consumes less power 
(about 750 watts for a typical three-axis control), 
and can be kept at optimum temperatures with a 
simple closed cooling system. 


Linear interpolation with a DDA 


A unique feature of this system is the serial DDA 
using magnetostrictive delay lines for dynamic stor- 
age. The simplified logical drawing in Figure ] 
will be used to explain DDA interpolation. 

The R line and I line are magnetostrictive delay 
lines in which pulse data is continuously recirculat- 
ing. The number of binary bits that may be stored 
on a line is equal to the system clock frequency times 
the time delay. Thus, on a 400-microsec delay line 
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operating at a clock frequency of 200 kc, 80 binary 
bits may be stored. Assume this is broken up into 
four 20-bit words. A timing generator, which gen- 
erates four word time signals, W, through W,, dur- 
ing each complete circulation of the delay lines, 
allows each word to be uniquely identified as it 
passes out of the read amplifiers. The combination 
of the I line (or integrand register), R line (or re- 
mainder register), and adder act like an integrator 
in a conventional DDA, integrating the contents of 
the integrand register with respect to the input to 
the adder. (Reference 2 gives a clear explanation 
of DDA operation). 

Information is stored on the delay lines in straight 
binary code, with the least significant bit of each 
word appearing first at the read amplifier output. 
In the W, position of the I line is stored a feed 
rate number. In We, Ws, and W, are stored the 
component distances, AX, AY, and AZ, respectively, 
of the nrotion to be accomplished. 

In accordance with conventional DDA operation, 
the integrands AX, AY, and AZ are added period- 
ically to the contents of the remainder registers, 
Rx, Ry, and Rz, respectively. The feed rate num- 
ber in W, establishes the rate of addition. Each 
time, the integrands are written back on the I line 
unchanged, and the new sums instead of the previous 
values are written on the R line. The overflow 
pulses from each R register are used as command 
pulses to the appropriate machine servo, each pulse 
typically representing 0.0002 in. of slide motion. 

There are two requirements for linear interpola- 
tion between two points: 1) the velocity vectors for 
the axes involved must be proportional to the dis- 
tance to be moved in the respective axes, and 2) mo- 
tion must be terminated at the correct end point. 
Consider how the operation just described satisfies 
the first of these criteria. 

If the R register starts at zero and the integrand is 
added to R repeatedly, overflow (output) pulses 
will be generated at a rate approximately uniform 
with respect to the add operations; and if several 
such operations are going on independently (in two 
or three axes for example) —except that any instruc- 


Re overflows 





I register 


B- Final condition 











FIG. 2. Terminating a linear 
interpolation block. 


tion to add is obeyed by all simultaneously or one 
after the other—the output pulse rates from the 
integrators are proportional to their respective in- 


tegrands. The actual value of these rates is estab- 
lished by the rate at which add commands are 
generated. Thus in a two-axis machine control, a 
straight line of arbitrary slope can be traced at an 
arbitrary speed, depending on the frequency of add- 
ing and limited to a rate of one addition (and one 
command pulse per axis) per iteration. The first 
requirement for linear interpolation is satisfied. 
The feed rate number (FRN) in W, of the I line 
controls the add rate for the AX, AY, and AZ in 
tegrands. FRN is normally added into W, of the R 
line once per iteration. Overflows from the Rx 
register (W, of the R line) are used to generate add 
commands for the AX, AY, and AZ integrands. The 
rate at which FRN is added into the R line may be 
reduced smoothly to 20 percent of the normal rate 
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by the operator using the feed rate override control, 
thereby reducing programmed feed rates accordingly. 

The problem of terminating motion at the correct 
end point is the second requirement for linear in- 
terpolation between two points. The solution may 
be understood by first recognizing that the process 
of addition that has been described is really a multi- 
plication process. For example, if the number five 
is added into an initially empty register four times, 
the sum is equal to the product of 4 x 5. Also, 
with binary numbers, a number is multiplied by two 
by shifting it one position to the left, adding zeros 
into the position furthest to the right. 

Now consider that the storage capacity for in- 
tegrands and remainders is limited to three bits, as 
shown in Figure 2, and that the number five is stored 
in the I register. Further assume an imaginary three- 
bit register R; which is merely an extension of the R 
register, receiving as its input the overflows of the 
third-bit position of R. Figure 2A shows the con- 
tents of all three registers before any additions have 
taken place. Figure 2B shows the registers’ contents 


after five overflows have occurred, since the R; reg- 
ister holds the number five. It is obvious that this 
end condition can be attained by inserting the num- 
ber five into the R register and shifting it left three 
positions, which in effect multiplies the number 
by eight. Also it is apparent that this end eondition 
may be reached by adding the contents of the I 
register into the R register eight times, exactly equiv- 
alent to the previous operation. The termination 
problem is therefore reduced to detecting when an 
integrand of N binary bits has been added to the 
remainder register 2” times. 


Circular interpolation with a DDA 


If circular interpolation is desired in the X-Y plane, 
it is necessary to supply to the control unit the 
X and Y components of the initial radius vector 
and the X and Y components of the final radius 
vector, Figure 3, and the direction of the circle, 
clockwise or counterclockwise. As in the linear case, 
interpolation is done by repeatedly adding the in- 
tegrands into the corresponding R registers. The 
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FIG. 5. INPUT DATA CONVERSION ROUTINE 


Read AX =0.0026 in. and AY =0.0118 in. in binary-coded-decimal form, convert to straight binary, 


and store in 10-bit registers. Add identification pulse and perform shift operation. 


OPERATION 


REGISTER CONTENTS 


tube and sign, the opera- 
tion is terminated. 





ly register initially empty 0 000 


. Recognize sign character of AX 
and store separately. Ignore 
decimal point and leading zeros 


Read 2 = 0010 into leading or 
least significant end of !y 
register 


. Recognize 6, but do not read. 
Then simultaneously pass !y 


through one-unit and three-unit 0 000 
delays and place sum of delay 0 000 


Because the slope of the 
velocity vector changes 
sign at each crossing of an 
axis, it is necessary to pro- 
vide a sign control feature 
in addition to pure sign 
storage when circular in- 
terpolation is desired. 


000 000 


Input conversion 


When tape data is in bi- 


0 ‘ 
$e 100 nary-coded-decimal form, 


010 000 





outputs in! y register 0 60000 


. Add 6 = 110 0000 


0000 


. Load AY into ly register in 


same manner, finally obtaining 0001 


Add marker pulse into least 
significant bit position, 


effectively dividing numbers l 0 000 
by two and thus converting from 0 001 


inches to pulses 


. Shift both numbers back repeatedly 
(in this case three times) until a 
‘fone’’ is located in the last (most 
significant) position of one of the 
registers 


. The temporary storage registers 
now hold the command numbers in 
the form needed for the DDA in- 
terpolator 


000 110 


011 010 


110 110 


Least significant bit 


0011011000 


Original number/2 = 13 


Original number/2 = 59 


it must be converted to 
straight binary before the 
interpolation can proceed. 
This is done during the 
tape reading operation 
when new axis commands 
are being loaded into the 
temporary storage section 

* of the control. A four- 
11 word magnetostrictive de- 
lav line is used for tem- 
porary integrand storage. 
The axis commands on 
the tape indicate the de- 
sired travel in inches. In a 
0.0002-in. resolution  sys- 
tem each command must 
be defined to four decimal 
places and must end in an 
even decimal digit. Trail- 
ing zeros must be punched 
on tape. Leading zeros and 


010 #100 


Marker 
pulses 


011 
110 


Marker pulse 


arker pulse 





slope of the velocity vector, Vo, which is tangent 
to the circle, is the negative reciprocal of the radius 


vector slope. ‘Thus overflow pulses generated by 
adding AX into the Ry register are Y command 
pulses while the overflows from the Ry register are X 
command pulses. Since the slope of the velocity 
vector continually changes as a circle is traversed, 
the radius vector slope must also continually change. 
This is accomplished by modifying the integrands 
each time that a command pulse is generated so that 
AX and AY continually represent the components 
of the rotating radius vector. The necessary one- 
pulse modifications to AX and AY are accomplished 
by a half adder/subtractor in the I line recirculation 
loop as shown in the block diagram of Figure 4. 
The final components of the radius vector, AX» 
and AY», are stored in We. and Ws; of the F line in 
Figure 4. These final components remain constant 
during the interpolation process. A continuous com- 
parison is made between the integrands AX and AY 
and the components of the final radius vector. When 
these quantities are equal, both in absolute magni- 


decimal points may be 
punched if desired. There- 

fore, 0.0124 and 124 are identical commands. 
Figure 5 shows how a number is read from the 
tape in binary-coded-decimal form, most significant 
bit first, and converted into straight binary. After 
a command number is completely read in and con- 
verted, the numbers |cast significant bit occupies 
the leading bit position, ippears at the read 
amplifier during the urst pulse period of each word. 
Since the number: in the delay lines at this time 
represent the desii.d commands in 0.0001-in. units, 
they must be divided by two to convert to an equiv- 
alent number of V.U00?‘n. pulses. Since the com- 
mand numbers are always even, the least significant 
bit position of each storage register always holds 
a zero at this time. The division is therefore ac- 
complished by writing the identification or marker 
pulse into the least significant bit position and there- 
after using the bit following the marker pulse as 
the least significant bit position. Then if linear in- 
terpolation is required, both command numbers are 
shifted back repeatedly (in effect multiplied by two 
each time), one bit position per iteration, until the 
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most significant bit of the largest number reaches 
the last bit position of that word. Locating the 
command numbers at the trailing or most significant 
end of the registers permits the interpolator to 
generate maximum output pulse rates for a given 
iteration rate. 

When a circular interpolating command occurs, 
the final radius vector components AX» and AY,» are 
read into a second temporary storage delay line in 
the same manner. The final radius vector com- 
ponents are shifted at the same time as the initia] 
components. However, in this case the shifting 
continues only until the most significant bit of the 
largest initial radius vector component reaches the 
next-to-last pulse period of that word. The reason 
for this is that during circular interpolation, the 
largest of the integrands AX and AY can exceed 
its initial value by a factor of 1.414 (in worst case 
of 45-deg slope of initial radius vector). To provide 
space for this possible increase of integrand length 
by one bit, the shifting must be halted one bit 
position earlier. This limits the maximum radius 
that can be specified to one-half the maximum 
straight line and reduces the maximum speed of 
circle generation by the same factor with respect 


FIG. 6. Dynapath system on P&W 
Numerie Keller milling machine. 


FIG. 7. Block diagram of system 
for machine shown in Figure 6. 





to straight-line generation in any given system hay 
ing both types of interpolation. 

The feed rate number is read into temporary 
storage and converted in a manner similar to that 
previously described, except that it is not shifted 
as are the command numbers. 


The system applied to a milling machine 


The Bendix Dynapath contouring control shown 
in Figure 6 was designed to operate a Pratt & Whit- 
ney Numeric Keller BL 3622. It is capable of linear 
interpolation in all three axes and of circular inter- 
polation in the X and Y axes (longitudinal and 
vertical). The tape format is binary-coded-decimal. 

A block diagram of the control system is shown 
in Figure There are four delay line registers. 
The F-line register holds the active and temporary 
final radius vector values for circular interpolation. 
The I,, I, and R registers hold the temporary incre 
mental axis commands and feed rate, active incre 
mental commands and feed rate, and the axis and 
feed rate remainders, respectively. The input con 
version routine is performed by a separate adder in 
the input logic network with the F and I; registers 

The type of interpolation in a block, linear or 
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Resolver 


circular, is detected by the mode detection circuit 
which gates through either a circular or linear signal 
depending on the mode of the active cycle. This 
signal activates one input of the proper two-input 
AND’s throughout the data processor, setting up the 
system for the correct mode of operation. 

In the linear mode the contents of the I, register 
are added into the R register in the full adder at a 
rate depending on the feed rate FR,. Command 
pulses are generated. This continues until the zero 
detector (receiving data through AND-I) emits 
a signal indicating the end of the cycle has been 
reached. This signals the control logic through 
\ND-II, transferring data from temporary register 
I, to active register I, through AND-II and advanc- 
ing the tape. At this point a shift signal to the 
timing generator shifts the data in I, by two word 
lengths so that it is in proper sequence. Command 
signs are stored in the active sign store so that 
thev are continuously available. 

eed rate for a given cycle depends on FR, in the 
I, register as read from the tape but can be modified 
by the machine operator if desired. To operate at 
the tape-coded feed speed, FR, is added to Rp each 
iteration. R» overflows are detected and cause the 
full adder to add AX, to Ry, AY, to Ry, and AZ, 
to Rz. The operator can modify this by adjustment 
of the variable-frequency pulse generator. 

Without additional manipulation, maximum feed 
rate is achieved by adding the X, Y, and Z contents 
of the I, into the R register once per iteration. 
Higher speeds are obtained by multiplying the com- 
mand pulses by 2 or 4 in the pulse multiplier. 

Essentially the same procedure is followed during 
circular interpolation except that Rx overflows are 
Y command pulses and Ry overflows are X com- 
mand pulses. The mode detection circuit indicates 
circular so that the circular inputs to the various 
AND'’s are activated. 

During circular interpolation the final sign to 
the command counter in the servo depends on the 
integrand signs and the cw or ccw command stored 
in the cw/cew store. As pointed out, a problem 
arises in circular interpolation when the cut moves 
from one quadrant to the next. To take care of 
this, the zero detector continually looks for a quad- 
rant change by examining AY, and AX, through 
AND-IV. When a zero is detected, a signal is 
emitted through AND-VI, changing the sign in 
the active store and changing the sign of the proper 
component in the I, register so that the latter is 
correct for comparison purposes. 

Since AY, and AX, represent the instantaneous 
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FIG. 8. 
Phase analog servo. 


Phase analog of machine 
element position 


components of the radius vector they must be’ con- 
tinually modified during a circular interpolation 
cycle. Command pulses are gated through AND-V, 
causing the half adder/subtractor to continually 
perform this modification. In turn, AY, and AX, in 
the I, register are continually being compared with 
the final radius vector values AY,» and AXop in the F 
register by the comparator. When coincidence is 


achieved the comparator emits an end-of-cut signal. 


Phase analog servo 


The command pulses from the output mixer are 
converted into a phase analog of the command in 
the phase analog servo of Figure 8. The analog 
command is compared with the phase analog of 
actual machine position generated by the phase 
shifting resolver driven from the lead screw gear 
box. As a result of this comparison in the phase 
detector, a dc signal is generated with a magnitude 
and polarity corresponding to the error between 
commanded and actual position. The error volt- 
age drives a conventional electrohydraulic servo 
which positions the machine element through a 
ball-nut lead screw. Each axis has a complete phase 
analog servo except for the resolver excitation equip- 
ment which is shared by all axes. 

The phase analog electronics is accurate to one 
part in a thousand. Thus in a system having 0.0002- 
in. resolution, the resolvers are geared to the machine 
lead screws so as to cause one full revolution of the 
resolver shaft for each 0.2 in. of slide travel. Excess 
error detecting circuits are provided which detect 
and indicate errors approaching +0.1 in. 


Auxiliary functions 


Such auxiliary functions as coolant flow, chip 
conveyor operation, tool changes, table index, and 
spindle speed change can be programmed into the 
tape. Auxiliary commands may be performed 
immediately after they are read from tape or delayed 
until the previous command has terminated. The 
output of the auxiliary function logic may be either 
a momentary contact closure for pulling-in or drop- 
ping-out locking-type control circuits or a main- 
tained contact closure which may be reset by the 
operator or by signals originating at the machine. 
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Multiple Columns 
in Chromatography 


THE GIST: Using more than one separation column in a gas chromatograph 
enhances the advantages of this stream analyzer for the operation and con- 
trol of process plants. Multiple columns can: 

® speed up analysis of key components in the stream sample 

® improve resolution of total sample analysis 

® augment the sample to give a favorable components ratio for trace analysis 

® protect columns from exposure to damaging stream components 

The authors detail the column storing and column backflushing techniques for 
obtaining these benefits. They also point out, however, that these improvements 
are not obtained without some offsetting penalties like the need for more elab- 
orate valve programming and complicated hardware in the chromatograph. 


W. J. BAKER* and T. L. ZINN* 
Monsanto Chemical Co. 


Early process gas chromatographs were single col- 
umn instruments (Reference). While useful in a 
number of simple cases, such analyzers left some- 
thing to be desired in many other applications. A 
single column often may not separate all the desired 
components of the sample, or the column may be 
attacked or rendered unstable by some sample com- 
ponent. Furthermore, since an operator usually 
needs a reading of no more than one, two, or at 
most three components of the stream for control 
purposes, a valuable analyzer is one which would 
read out the components of interest in the shortest 
time while disregarding the other stream components 
as much as necessary. A logical technique for speed- 
ing analyses and protecting columns is multiple 
column chromatography—employing column. stor- 
ing, column flushing, or both. 

Column storing is usually used to obtain a com- 
plete analysis within a reasonable time rather than 
one or two sample components in the shortest pos- 
sible time. Column storing employs at least two 
separate columns, with one column switched out 
of a carrier flow system at some specific time in 
the analysis to store whatever sample components 
are in the column until that column is returned to 
the carrier flow system. This technique permits 
using columns which are preferable for particular 
sample components but unsatisfactory for others. 

Column flushing techniques are used primarily 
to supply rapid analyses of a few components as 
needed for process control work. Column flushing 
* Now with Greenbrier Instruments, Inc. 
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involves switching a column out of the carrier flow 
system and admitting to it a separate flowing stream 
ef carrier gas either in the normal or reverse di- 
rection. The flushed-column effluent may be sent 
through the detector or discarded. A variety of 
combinations are possible with this technique. 

In perhaps the simplest case, that of a single 
column, the faster-moving sample components are 
allowed to pass through the column and into the 
detector. Then with the slower-moving components 
still in the column, the carrier flow is reversed 
through the column. As the effluent passes through 
the detector, a single peak—composed of all remain- 
ing components—results, giving a total rest gas an- 
alysis provided the backflush flow rate is properly 
adjusted. Or if desired, a separate carrier stream may 
be used and the column backflushed to vent, clearing 
the column of unwanted sample components prior 
to the admission of the next sample. 

A slightly more complicated version of the chro- 
matographic backflushing technique is to use a single 
column (which is permanently in the carrier flow 
system) in conjunction with a backflushed column. 
The permanent column can be before or after the 
backflushed column, permitting backflushing of the 
first or second column in a dual column system. 


Column-switching valves 


Essential to the success of any multiple column 
chromatograph installation are well designed and 
appropriate column switching valves. A valve will 
be required for each column to be removed from 
the system. Basically, storing requires a six-port 
valve and backflushing an eight-port valve. 

Originally, column storing was done with three- 





Basic Switching Valves 
for Multiple Column Chromatography 


FIG. 2 


port valves which simply routed the carrier gas flow 
either through the column or through the flow 
balancing restrictor. The downstream ends of the 
column and the restrictor were connected. This 
proved to be unsatisfactory. Since only one end of 
the stored column was sealed, leaving the other end 
exposed to the flowing carrier stream, sample com- 
ponents tended to diffuse up into the lower end of 
the stored column, thus giving rise to spurious peaks 
and exposing the column material to possible dam- 
age. Hence the development of the six-port valves, 
Figure 1, and the eight-port valves, Figure 2, which 
seal off both ends of the column. 


Typical Applications of Multiple Column 


Multiple column systems can be arranged in a 
large number of combinations. There is no basic 
reason for not employing systems of four or five 
columns except for the additional complexity due 
to setting up and balancing the various flows, tailor- 
ing the column lengths for optimum operation, the 
increased possibility of leaks and mechanical failures, 
and the increased analyzer instability. Even limiting 
the discussion to four-column systems prohibits a 
detailed discussion of applications and relative merits 
of the possible combinations. Therefore the follew- 
ing section details only several widely used multiple 
column systems. While it is certainly feasible to 
devise a system that incorporates a backflushed col- 
umn together with a stored column, the two tech- 
niques are discussed separately. 


Column storing improves total-sample analysis 


A good example of the column storing technique 
is the total analvsis of a stream containing oxygen, 


FIG. 1 shows the six-port valve em- 
ployed in the combination of a first 
column which is permanent in the sys- 
tem and the second column which is 
stored. The first-column effluent is per- 
mitted to flow either through the sec- 
ond column or through a_ balancing 
flow restrictor to the detector. The re- 
strictor, essential to the maintenance 
of analyzer stability, is adjusted at the 
operating temperature to give the same 
pressure drop as the second column, so 
that when the second column is cut out 
of the system, the carrier flow rate 
through the detector remains un- 
changed. FIG. 2 shows essentially 
the same arrangement except for back- 
flushing the second column. Here, an 
eight-port valve is required so that the 
special backflushing stream can be in- 
troduced into the column. The flow 
balancing restrictor is the same as used 
for column storing. It is essential that 
switching valves do not leak. Even 
minor leaks lead to instability of base 
line, lack of analytical precision, and 
spurious chromatographic peaks. 


Multiple column gas chromatographs are now 
commercially available. Those analyzers stemming 
from the Union Carbide design usually employ 
lineal valves to effect both column switching and 
sample introduction. One maker has standardized 
on six-port lineal valves for all functions. For back- 
flushing, two such valves are used with two ports 
of one valve sealed, yielding essentially the same 
action as a single eight-port valve. Most manufac- 
turers operate the sample and column-switching 
valves independently of each other. However, one 
maker employs a 16-port valve to introduce the 
sample and permit the flushing of one column. 


Chromatographic Systems 


nitrogen, methane, and carbon dioxide. A Linde 
5A molecular sieve is widely used as a column pack- 
ing material for the separation of oxygen, nitrogen, 
and methane. It is, however, damaged by carbon 
dioxide. The analysis can be effected easily by using 
a dual column system with the molecular sieve col- 
umn in the second position and stored. The first 
column packing material must hold the carbon di- 
oxide longer than the rest of the sample. Figure 3 
shows the appropriate arrangement for analyzing 
this sample. The oxygen, nitrogen, and methane 
pass through the first column and into the second 
one, at which time the second column is switched 
out of the system and stored. Then the carbon 
dioxide is eluted from the first column and detected. 
As soon as the first column is swept clean, the second 
column may be cut back into the system and the 
oxygen, nitrogen, and methane eluted and detected. 

Another example of column storing, Figure 4, 
employs a permanent column in conjunction with 
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two separate, stored columns such as for the total 
analysis of a sample containing oxygen, nitrogen, 
methane, ethane, ethylene, and butadiene. The 
system would be set up with the first column a per- 
manent one containing a low molecular weight 
polyethylene packing; the second column, a stored 
column of silica gel; and the third column, a stored 
column of molecular sieve. System operation in 
volves permitting the oxygen, nitrogen, and methane 
to pass through the first and second columns and 
enter the third column. The third column is stored, 
and at the same time ethane and ethylene would 
be permitted to pass the first column and into the 
second column. The second column is also stored. 
As soon as the butadiene is eluted from the first 
column, the second column may be cut back into 
the system and the ethane and ethylene eluted and 
detected. The third column may then be switched. 
Setting up such a system requires close tailoring of 
column lengths and precise valve timing sequences. 
Column flushing speeds key 
component analysis 


To demonstrate various combinations of the col 
umn backflushing technique, a hypothetical process 


Total Analysis Using 
Column Storing 


FIG, 3 


One stored column 


FIG. 4 


Two stored columns. 


stream containing ethylene, ethane, propane, nor 
mal butane, and butadiene will be considered. ‘This 
variety shows how to meet several different analytical 
needs that one might encounter in different produc 
tion units for control of a process. 

Required: Fast analysis of ethane and ethylene 
Heavier materials are of no interest. Silica gel can 
separate ethane and ethylene, but the elution time 
of propane, normal butane, and butadiene from 
such a column is prohibitively long. Such require- 
ments can be met using a dual column system: the 
first being a gas-liquid partitioning column such as 
Octoil-S on firebrick and the second column being 
silica gel for ethylene-ethane separation. Figure 5, 
page 81, shows the analysis and column switching 
sequence. Triangles indicate components of in 
terest. ‘The first column passes unseparated ethane 
and ethylene rapidly into the second column. Then 
the first column containing unseparated propane, 
butane, and butadiene is cut out of the system and 
backflushed to vent. The ethane and ethylene next 
pass through the second column and are detected 
separately. This particular analysis can be done in 
2 min, whereas at least 15 min would be required 
if a single silica gel column were employed. 
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Required: Fast analysis of ethane and butadiene— 
for this application the same columns would be 
employed as above except that the second (silica 
gel) column will be backflushed rather than the 
first (Octoil-S) column. The analysis and sequence 
is shown in Figure 6. Both columns remain in the 
system until the ethane elutes from the second col- 
umn and is detected. Then the second column 
is cut out and backflushed while the detector sees 
the butadiene eluting from the first column. The 
first column must be tailored so that the butadiene 
is close to the end of the column when ethane is 
detected from the second column. This analysis 
can be performed in 24 min. 

Required: Fast analysis of ethane and normal 
butane.—Here a practical system would be a triple 
column instrument, Figure 7. The first and second 
columns could be composed of Octoil-S on chromo- 
sorb, the third of silica gel. The columns must be 
so tailored that during the time ethane is detected 
from the third column, normal butane is at the 
downstream end of the second column. The third 
column is cut out to backflush ethylene and pro- 
pane through the vent, and the second column is 
connected to detect butane. The butadiene is caught 
in the first column and backflushed to vent. Ob- 
viously this arrangement will require some careful 
tailoring of column lengths and balancing of flows. 
The system is not, however, prohibitively difficult 
to set up. It should be pointed out that if the 
column backflushing valves are actuated inde- 
pendently of each other, the first column may be 
switched out of the system and backflushed when- 
ever normal butane has been passed from it. This 
is very desirable since it allows more freedom in 
tailoring column lengths. 


Trace analysis by backflushing 

An interesting application of multiple column 
chromatography using backflushing techniques is 
for trace analysis of a sample minor component 
which is poorly resolved from a major one. Here, the 
technique differs depending on whether the trace 
component elutes before or after the major com- 
ponent. 

Traces of ethane in a preponderance of ethylene 
are very difficult to analyze owing to the problems 
of separating the two components. Silica gel will 
elute ethane before ethylene and do so readily when 
the ethylene-to-ethane ratio is as small as 10 to 1. 
However, often encountered is the need for sep- 
arating ethane from ethylene when the ratio is 1,000 
to 1 or more. A dual column system, both columns 
using silica gel packing and with the first column 
to be backflushed, can be set up so that the first 
column will not quite separate ethane from ethylene 
but will concentrate the ethane in the leading edge 
of the sample wave. _As soon as this leading edge 
has passed into the second column, the first column 
may then be cut out of the system and backflushed 
to discard the bulk of the ethylene. This then 


permits the second column to separate a sample 
having a far more favorable components ratio. Here 
again the time sequence is quite critical. If the 
first column is cut out too soon, some ethane is lost 
and a poor, inaccurate analysis will result. If the 
first column is cut out late, however, too much 
ethylene will be sent to the second column with the 
resulting difficulty of separation. 

When a poorly separated trace component elutes 
after the major component, the analysis is more 
difficult but can still be accomplished. A double 
column system is employed, but only the first col- 
umn is in the system when the sample is intro- 
duced. This column achieves a partial separation 
of the major component from the minor component. 
As soon as the bulk of the major component has 
been eluted and vented, the column is _reverse- 
flushed, thereby grouping the minor component 
with a portion of the major component back in 
the first column. At the same time a second column 
is placed between the first column and the detector. 
On restoring normal-direction carrier gas flow, the 
improved sample in the first column enters the 
second column for analysis. The net result is the 
same as charging a sample of much more favorable 
components ratio to a single column instrument. 


Benefits and pitfalls 


Many advantages accrue from using multiple col- 
umns in gas chromatography. Not only do they allow 
more rapid analyses than are possible with a single 
column instrument, but they also permit using dif- 
ferent columns for different portions of the sample. 
Thus column development requirements are re- 
duced since it no longer becomes necessary to de- 
velop an optimum single column. 

There are certain disadvantages, however. Some- 
times, but not often, satisfactory stability requires 
a zero balance prior to reading each peak of interest 
or—if conditions are bad enough—after each posi- 
tioning of the various valves. 

Programming of multiple column systems is often 
fairly complicated and must be handled carefully 
since the timing sequence usually must be quite 
exact. Those persons who set up and maintain 
such analyzers need a considerably greater under- 
standing of instrument operation and the function 
of each column than is required for single column 
analyzer personnel. One serious problem many 
have encountered using multiple column systems, 
particularly the column storing techniques, have 
been leaks. Very tiny leaks in fittings to the valve 
or within the valve itself cause analytical impreci- 
sion, spurious and unexplained peaks, and instability 
of base line. Leaks make balancing of flows difficult 
or impossible. Furthermore, they give rise to con- 
ditions where components elute faster through the 
column in one valve position than another, making 
programming virtually impossible. 

In recent years there has been considerable de- 
velopment in the direction of miniature or small 
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Key Component Analysis Using Column Flushing 


FIG, 5 
Fast analysis of 

ethane and ethylene by 
first column backflush. 


FIG. 6. 

Fast analysis of 

ethane and butadiene by 
second colurnn backflush. 


FIG. 7. 

Fast analysis of 

ethane and normal butane 
by two-column backflush 


samples with $-:n. packed columns which give 


analyses much more rapidly than their 4-in. counter- 
parts. ‘Total analyses of C,’s, for example, have 
been accomplished in 1 to 1.5 min. However, mul- 
tiple columns are occasionally used even with faster 
columns to cut down analytical time still more or 
to protect certain columns from a damaging sample 
component. Multiple column techniques are ex 
pected to continue to be a major factor in process 
chromatography. 

Using multiple columns in gas chromatographs 
for process control in no way modifies the problems 
of process control other than to provide an analysis 
in a shorter time, making it possible to actually use 
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a gas chromatograph on process control in some 
applications where the analytical time with a single 
column chromatograph would have been excessive. 
Ihe hardware for utilizing the intermittent signal 
of a chromatograph and converting it to the neces 
sary pneumatic or electrical signals for process con 
trol has been available for some time. Applying 
a multiple column chromatograph is simply a matter 
of building up the necessary hardware and working 
out the details of the process loop. 
REFERENCE 
CHROMATOGRAPHY ANALYZES GAS AND VAPOR PROD 


UCTS IN THE PLANT, C. G. Fellows, “Control Engineering 
July 1957, pp. 75-81 
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that rejects flames from other burners 


Flame detectors are sometimes “fooled” by glowing 
refractories or flames from burners adjacent to that 
under surveillance. This new Bailey Flame Detector 
responds only to the flame it surveys . . . assures positive 
monitoring of coal, gas, oil or combination fuel-fired 
furnaces. Absence or failure of flame is sensed and 
accurately signaled—or relayed to control auxiliaries— 
without use of external relays or amplifiers. 


Here are other distinctive features that make this 
new Bailey Flame Detector outstanding: 


Wide temperature range . . . is suitable for use in areas 


with ambient temperatures from -20 to +300° F. Flame 

sensing element withstands temperatures up to 600° F. 

Easy inspection . . . quick disconnect, keyhole 

mounting simplifies checking of lens condition and 

detector alignment. 

Simple, solid-state circuitry . . . Bailey Flame Detector 

unit contains only 8 components. 

Weatherproof construction . . . design of Bailey unit 

makes it suitable for outdoor installation. 

Why not have your Bailey Engineer give you more 

information? Call the Bailey district office, or write us. 
Al47-] 


instruments and controls for power and process 


BAILEY METER COMPANY 
1079 IVANHOE ROAD + CLEVELAND 10, OHIO 


in Canada—Bailey Meter Company Limited, Montreal 
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Application of a semiconductor voltage regulator is based 
upon the. operation of the elementary shunt regulator shown here. 


Simplified Guide Aids 
Selection of Semiconductor 
Voltage Regulators 


Solid state voltage regulators are available in a wide range of voltage 


ratings. 


No longer must the engineer compromise the design of a 


regulated circuit to accommodate a limited range of voltage regulator 


ratings. 


He may now choose the voltage regulator to fit the regulated 


circuit. Low cost and abundant variety have opened application to surge 
protectors, ac regulators, reference voltage circuits, clipping circuits, and 
de coupling and biasing circuits. The selection method given here handles 


such applications. 


LARRY BLOOM, Semiconductor Div. General Instrument Corp. 


Must Know: 


* Ein, the input voltage, and its variations, En (max) 
and Ein(min) 

*I,, the current supplied to the load, and its 
variations, Iz;max) and Iz(miny, due to changes in 
load resistance, R;, 

* Exut, the output voltage to the load 
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To Determine: 


¢ That Eou: is less than Ejncminy 
* Iz(max), Maximum current through the regulator 
for worst combination of circuit conditions. 

(Bio (max) — Bout) (It, (may +K) 


Ir (max) > > ’ 
(Ein (min) ~~ Hout) 


—I1 (min) 
where K = 0.1/1 (max), & 10-percent safety margin. 


* Pye, maximum power dissipation for the most 
extreme circuit condition. This determines the 
capacity of the regulator needed. With it, enter 





the chart below and select a regulator having at and Pyr = (0.49) (12) = 5.88 watts (2’ 
least an equal power rating. On the chart find the voltage (12 volts) closest 
Pyr = 1 (max) Zou (2) to the output voltage, in the column desigaated 
Ein (mis) — Fout tatiast resistance 3) “Nominal Regulator Voltage”. In the row 
Ti, (max) + K 2 marked “Regulator Current” locate the current 
© Pas = (In imax) +11, imax)? Ry, power rating of closest to the calculated value of Irimax). At the 
ballast resistor (4) intersection of the column and the row is the 
number, 1N1353, of the correct regulator type— 
if its power rating is adequate. It is, since the 
rating is 10 watts and the calculated power dissi 

Ein (max) = 22 volts; Ein (miny = 20 volts pation is 5.88 watts. 

Ti (max) = 0.50 amp; Jr (min) = 0.40 amp Finally, 

4 9 > 
Thien Eour = 12 volts aoe 20 - 12) 
(22 — 12)(0.50 + 0.05) _ 9 49 _ 0,49 amp (1’) “(0..0 + 0.05) 
(20 — 12) . Pr, = (0.49 + 0.50)? 14.5 = 14.2 watts 


o 


Example 


= 14.5 ohms 


Ir (max) > 


REGULATOR CURRENT, MILLIAMPERES 


| | 
1.0 1.0 10.0 90 | 12.0 5.0 30.0 25.0 50.0 
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incremental Servos 
Part Ill— 
How They've Been Used 


THE GIST: In preceding articles, author Bailey has compared the incremental 
servo with its stepless predecessor, described its two principal design con- 
figurations, and analyzed its operation to demonstrate how its resembles at 
times a position servo and at other times a velocity servo. To illustrate the 
versatility of this device, he now describes 16 specific applications—some real, 
some just proposed—in which the stepper serves as a key component. 


S. J. BAILEY, Vitro Corp. of America 





Recorder | 


1. Stepping Servo 





In this application the stepping device re “a 

: = ansistor 
places an amplifier, a motor, a tachometer, and ' trigger 
a gear train. The rotation rate of its output T 
shaft is directly proportional to input pulse rate. 


—> Corresponding 
if desired 


iad 
as Samuel Stepping device - Input | 
ff 


Stepper 























voltage 
(analog j 
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This usually replaces this 


2. Proportional Control 


+ a 
iis “) ee This arrangement may be viewed as a self-balancing poten- 
tiometer, suitable for process control applications. The 
recorder and counter shown are optional. It is assumed 
here that the input voltage periodicity is considerably 
greater than the stepper’s response time. 





3. Pulse to Analog 
Conversion 





In this case the stepper increments : ae 

; ° mn Transistor Multiturn 
must be small relative to the perio- trigger | ~~~ potentiometer 
dicity of the analog output. 
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Separate, clean, 
zero-phase 
excitation 





4 
Stepper Section I 4, Analog to Analog 
Conversion 





Transistor 
trigger 




















Section I 











A at Here the stepper acts as a filter to 
potentiometer eliminate harmonics, noise, quadrature, 
and phase shift; the arrangement 

changes dec to ac, ac to de. 








Transistor 


trigger Stepper 














5. Vector Addition 


Both electrical and mechanical solu 
tions are offered by this arrangement, 


which can also serve as a function 
Counter 
generator. 








6. Error Signal Storage 








stores them, and resubmits them when Gat oteppe Potentiomete 
danger of saturating critical servo compo nan wren 
nents is past. It thereby improves stability. 
his system applies to cases where a servo 
component might respond poorly if sat 
urated. In operation the “tendency-to-sat 
urate” signal opens the gate to store the 
excess signal until the difference signal into 
the servo falls below a preselected value. 














The stepper accepts saturating error signals, Peon 





























7. Algebraic Pulse 


Summation — 














Two steppers drive a differential ] 
multiturn potentiometer to pro 
vide an analog output equivalent | 
to the algebraic sum of the two 


pulse inputs. 2 if Pulse source 
No.2 


8. Remote Stepper Interlock 


Linking two stepping motors with an “interlocking 
trigger” provides an absolute interlock of remote 
Stepper |. Interlocking Stepper stepping controls. Programmed pulses applied to the 
= oe trigger cause it to switch a current pulse to one of the 
steppers. When the stepper has completed a full 
haft output shott outpu unit step, it signals the interlocking trigger to pulse 
wo. 1 2 the other stepper, which in turn signals the completion 
of its step. Thus the two remote stepping programs 
always remain synchronized since one cannot step 
until the other has signalled a completed step. 
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9. Asynchronism Detection 


Where two systems must be kept in exact 
step, two stepping motors can be used to 
detect any asynchronism. In the diagram 
shown any differential voltage between the 
two output pots causes one stepper to take 
an extra step, thereby restoring synchronism. 
In practical applications a short time delay 
in the feedback trigger channel allows for 
very slight differences in stepping time. 


11. Pressure Transducer 
Calibration 

This system provides a voltage ratio readout 
easily visible from a distance. Pressure 
ranges are automatically programmed to the 
transducers, and accurate calibration curves 
can be quickly plotted. The system may be 
used as a multiple pressure readout. 
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Transistor Stepper 
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trigger No.1 No.1 
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differentia 








Transistor Stepper 
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trigger No.2 No. 2 




















10. Improving Response Near Null 


To provide ultra precise response in the vicinity of null, 
two stepping motors, each with a different size step 
are connected to the load. The transistor triggers are 
biased as follows: trigger No. 2 rejects any error signal 
corresponding to a 2-deg (or larger) step; neither trigget 
responds if the input signal corresponds to a 6min (01 
smaller) step. The system thus exhibits three operating 


phases: 1) if the error exceeds 2 deg. one motor will 


step in 2-deg increments; 2) if the error is less than 2 deg 
but greater than 6 min, both motors will step in 6-min 
increments; and 3) if the error is less than 6 min, the 


motors will not step at all. 
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12. Altitude Hold Servo 


In this system two stepping motors coupled to a 
differential are counter-rotated so as to produce zero 
output when the gate is open. The output of stepper 
No. | does however drive the potentiometer. After 
the gate is closed, either manually or by some tele 
metered signal, stepper No. 2 operates to hold the 
altitude represented by the potentiometer output 
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13. Drone Control 



































15. Portable Weighing Station 


Here the stepper drives a digital indicator 
in a closed-loop readout device. ‘This sys- 
tem is used at temporary truck weighing 
stations set up along highways. 


In addition to their telemetered airborne 
guidance applications, steppers also form part 
of a ground system indicator which monitors 
drone progress in the prescribed course. 


14. Railroad Car Sorting Remaining space 


. “9 feedback signal 
In this system each siding has x 

a corresponding stepper output. Siding 10- 
Master steppers assist in the ex- pr 7! ton 
ploration of each siding for ade- 

quate car space. A 12-pulse sigial, 
introduced by a 12-car sii'ng pass- 














Siding 





ing a track pickup, is stepped off ae 
by stepping motor A mto a 10- J | 

















Stepper 
> 


turn pot. The corresponding ana- 3 


log output is compared with each on Siding 
siding by stepper B, until a sid- Ee gy 
ing is found which will accom- Cae gentenly only 
modate the 12-car string. Then 
stepper B stops. Next the 12-pulse 
analog signal drives the appropriate 
siding stepper until it is balanced 
by feedback pot. 
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16. Digital Differential | na potentiometer 
Altimeter ez a4 


The output of a function poten- 

tiometer is determined by a pres- 

sure capsule designed to cover the 3 

entire altitude range and is used $ — 
to excite a linear potentiometer. = 
This in turn is driven by a 1-lb PS ce 
bellows to produce accurate read- ste ile 
ings in the neighborhood of the 
selected altitude. Stepper output Pe ups) hee 
is then put in binary form for ) / err 

transfer to a computer. 
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Cubic precision digital voltmeter 
withstands 50G shock 


A new militarized version of the Cubic precision digital 
voltmeter is guaranteed to withstand shocks as high as 
a bone-crushing 50 G. The ability to shake off punishment 
that would wreck ordinary voltmeters, and to keep on 
performing perfectly for years and years under the hardest 
kind of use, is built into every Cubic digital voltmeter. 
These meters are “operator-proof” —they will not be 
damaged by any except the most flagrant misuse. Even 
voltages 100% over the top of the highest range will not 
harm them. 

The advanced engineering of Cubic’s transistor-driven 
stepping-switch design provides extraordinary reliability 
and accuracy. Cubic digital voltmeters achieve 99.997% 
repeatability, for precise accuracy again and again. Attenu- 
ator accuracy is 0.003% for wide-range precision. Bridge 
linearity of 0.003% is attained with carefully matched 
quality components. Noise rejection (60 cps) is 80 db. 

Cubic’s digital readout is simple, reliable and the 
easiest to read at a glance. Extra quality components 
throughout ensure minimum maintenance requirements. 
Before buying any digital instrument, investigate the best. 
Write for descriptive literature to Dept. CT-100, Industrial 
Divisions, Cubic Corporation, San Diego 11, Calif. 
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BRIEF SPECIFICATIONS — MODEL 2100 


ENVIRONMENTAL 


shock test: will withstand 50G Navy shock test, 
and shipboard vibration 


humidity: 100% 
salt spray and fungus resistant 


ELECTRICAL 


volts: 0.01% accuracy from 1 millivolt to 1000 
volts, automatic ranging and polarity 


ohms: 0.1 ohm to 10 megohms, manual ranging 
input power: 25 watts 
ratiometer provision and switching 


MECHANICAL 
size: 54%” wide, 11%” high, 14” deep 
weight: 35 Ib 





Cubic 


CORPORATION 
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Discontinuous Control 
Stops Train Accurately 


The Japanese National Railways has developed 
an automatic braking apparatus for rapid transit 
electric trains that will apply braking power to 
this 50-ton mail car going at 45 mph while 750 
ft from the station and stop the train within 


4 in. of the desired point in the station. 


TOSHIHIKO ITO, Japanese National Railways 


The design of a control system for automatic 
train braking relies on optimum nonlinear control, 
as shown by the phase-plane plot, Figure 1. Here 
the ordinate represents train velocity and the ab- 
scissa the train’s displacement or running distance. 
he origin O is where the train should stop. 

Si mply, the control system principle is this. Curve 
CBO is the trajectory of motion the train will follow 
as it slows down under some constant braking force. 
When the train approaches the next station at a 
particular speed such as E, the speed curve crosses 
the CBO curve at distance B, ahead of the station. 
[he control system senses that the actual train 
speed is greater than the desired speed at B, and 
applies full brake force to the train so that ideally 
the train will slow down along trajectory B,O. 

However, in practice a constant brake force is diff 
cult to maintain. Actually the cat slows down some 
where in between dotted curves B,G and B,H. 
l'herefore the car may miss the objective point by 
a distance GO ahead of the target or OH after. To 
minimize final error, this concept of on-off nonlinear 
control of braking force is retained but instead the 
control system reduces the braking force step-by-step 
in much the same manner as a human operator so 
that near the objective point the reduced braking 
force, even though not constant, contributes only a 
negligible displacement error at the station stop. 


Applying the principle 


‘Two approaches have been taken to implement 
piecewise optimum nonlinear control of electric train 


operation. The first method employed is described 
by Figure 2. (While not adopted for the final sys 
tem, the initial approach aided the development of 
the second.) Here, three trajectories are used. Curve 
CD represents train motion under full ordinary, brak- 
ing force, IJ represents about one-half braking force, 
and RO about one-quarter braking force. The three 
trajectories are actually set up on function generators 
in the controls, the generators becoming operative 
at distances C’, I’, and R’ ahead of the station. 

When the train, running at a speed corresponding 
to point E, approaches the station, its speed is less 
than any speed established by the train motion tra 
jectory CBO. At the intersection of the actual and 
desired speeds, point B, the control system senses 
that braking action is needed to slow down the train 
and applies full braking force. Assuming the car 
can respond instantaneously the train motion will 
follow along curve BD, and hence there will be some 
large error equal roughly to distance DO. However, 
at point I’ the second trajectory is switched in and 
when the actual trajectory intersects the new desired 
trajectory at point P, the control system senses that 
the car is slowing down too fast. Hence, the system 
weakens braking power to about one-half normal and 
ideally the train will stop at point J. But the error 
will still be too large. At R’ the next function gen- 
erator, equivalent to curve RO, is switched in and at 
point O braking force reduces again. Then the train 
coasts in close to the final objective, point O. Con- 
secutive brake weakening reduces final error resulting 
from an inconstant brake force. 

Equipment was built along the lines described 
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FIG. 1. Principle of nonlinear control, 
using phase-plane representation. 


FIG. 2, Phase-plane trajectories for 
the first control method tried. 


APPROACH 


FIRST TRY 


above and actual tests run on a mail car. Results 
showed the final error at the objective point to 
be between plus and minus 3 meters, with fairly 


good riding comfort. For more accurate control and 


for improved comfort, more braking steps would be 


required. But each braking step calls for a separate 
function generator and a separate distance-from-sta 
tion detector. ‘Thus the apparatus would be large 
and expensive. For these reasons and also because 
the test car was refitted with a Westinghouse SMEE 
brake offering more braking steps and electrodynamic 
retardation, the foregoing line of investigation was 
abandoned in favor of the approach described next. 

A family of parabolic trajectories was established 
for the new brake control system, Figure 3. For these 
curves only one potentiometric function generator is 
needed, with the desired trajectory determined by 
the voltage applied across the potentiometer. Each 
trajectory represents a particular fraction of the ordi- 
nary full brake force, the brake action getting weaker 
in steps as the actual train trajectory crosses sequen- 
tially from J,O through to RO. To assure that the 
actual trajectory progresses through I,O and so forth 
to RO, the brake force at each step is somewhat 
larger than that determined by the ideal trajectories. 
[hat is, the train is made to slow down a little faster 
than the optimum trajectories call for. 

Briefly, here is what the control system accom- 
plishes. At first the car slows down under full brak- 
ing along the BO’ curve. At distance I’ the function 
generators become active. As shown in Figure 3, the 
train trajectory crosses the I,O curve at P;. This 
causes the brake force to weaken a little and the 
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FIG. 3 
control approach 
contre] system appcars quiic successtu 
and its equipment is described here 


l'rajectories for the secon 
The corresponding 


LATEST SYSTEM 


train’s path is somewhere between P,;M, and P,N,. 
Next the train trajectory crosses curve I,O at Pz and 
the brake force weakens again. The operation con 
tinues like this from trajectory to trajectory until 
finally curve RO is reached. Here the reduced brake 
force corresponds exactly to that needed for the train 
to coast into the objective point O. 


Brake control apparatus 


Figure 4 represents the automatic braking system 
devised to carry out the optimum nonlinear control 
of an electric railway train. The control signal re 
ceiver, left, detects when the train reaches a pre- 
scribed point ahead of the next station. Such a 
device, called Identra, is widely used for railway 
signal control. As shown in Figure 5, part of this 
device is located on the track and part on the train. 
As the train passes over the LC coil in the track, a 
100-ke signal is generated in the car portion of the 
Identra and trips a relay. Coils are placed on the 
test track about 240 meters (point C’) and 100 
meters (point I’) ahead of the station. 

Operation of the Identra relay initiates action of 
the distance detector and function generator. A 
generator on the car axle delivers pulses proportional 
to traversed distance, and the pulses—after scale 
down by an electronic pulse divider—drive a step 
ping motor. Thus the stepping motor shaft position 
corresponds to the car distance from the station 
The shaft is geared down and coupled to the func 
tion generating potentiometer, Figure 6. With a 
given voltage across the potentiomcier, the indi 
vidual resistances are adjusted such that as the po 





THE TRAIN CONTROL SYSTEM HARDWARE 


FIG. 
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Rotation of car axle 


Position 
of train 


FIG. 4. Basic diagram of the 
nonlinear brake-control] system. 


coil in 
track 


Control signal receiver. 
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Apporatus in car 


FIG. 6. The trajectory function 
generator is positioned by a 
stepping motor according to 

the car’s traversed distance. 
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tentiometer wiper arm—driven by the stepping 
motor shaft—rotates from one end to the other, the 
device generates a voltage curve equivalent to the 
desired braking trajectory. 

Actual train speed voltage comes from a dc ta 
chometer generator (speed detector in Figure 4) 
coupled to the car axle. To effect sequential brake 
weakening, the actual car speed must be compared 
with the desired speed established by the shaft posi- 
tion of the function generator. The comparator, a 
de differential amplifier, determines which of the 
two speed voltages is greater. When the actual-speed 
voltage becomes less than the voltage from the tra- 
jectory being generated, relay contacts in the com- 
parator energize the controller. The controller 
notches to a new position, thus adjusting the brake 
system to a reduced brake force. Simultaneously, 
the comparator also reduces the voltage across the 
function generator, thereby setting up a new tra 
jectory, for instance switching from I,O to I2O. For 
a while the car speed again is greater than desired, 
the brake force remains constant but reduced, and 
eventually the train trajectory crosses the new gen- 
erated trajectory (Ix0) and the brake force weakens 
some more. 
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FIG. 


7. Results of two test runs which the train passes the first 


Identra at different initial speeds. While not apparent from these records 
in each case the train stopped within 4 in. of the objective point 


Results of train runs 

Test runs of the automatic braking system on an 
ordinary mail or baggage car 20 meters long and 
weighing 50 tons were carried out on the Tokaido 
line on a straight level stretch about 50 kilometers 
west of Tokyo. When the “GO” switch is operated 
the train starts automatically, and its speed increases 
to about 75 km/hr. At a suitable point the train 
motor is deenergized and the train begins to coast. 
On passing over the first Identra, about 240 meters 
ahead of the station, the automatic braking system 
goes into operation and stops the train within plus 
or minus 10 cm of the desired spot. 

Figure 7 shows results of two test runs. ‘The heavy 
curves at the top of each test plot represent the 
train’s actual trajectory, and the lower heavy lines 
represent the train’s acceleration. Note how the 
acceleration increases when the trajectories cross at 
B and full brake force is applied and how the accel- 
eration drops as subsequent crossings of the tra- 
jectories weakens the brake force stepwise. While 
not apparent from the test records, the displacement 
error at the stop was within plus or minus 4 in. In- 
vestigation is continuing for improving the braking 
system still further. 








. . . provides a random access file of up to 495 
million bits with access to information in less than 
3/10 of a second. 


may be operated with all standard general 
purpose digital computers, or as an independent storage, 
access and display system. 


The RD-900 Random Access Storage and Display 
System, consists of from | to 33 high density, magnetic, 
file drums, each with a storage capacity of 15 million 
bits. A Symbol Generator converts coded characters 
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into a visual message as fast as they are read from the 
file. One Symbol Generator is used to drive any number 
of output display devices. These include 21” console 
displays and large screen projection displays . . . each 
capable of displaying up to 12,800 characters, symbols 
or a composite of both. In addition to alphanumeric 
characters the system can display arbitrary or abstract 
symbols, schematic or logical drawings, graphs, charts, 
and maps. Applications include military and industrial 
systems where information retrieval and display must 
be simultaneous for instant decision making. For a 
complete description and specifications write Dept. 101. 


LABORATORY FOR ELECTRONICS, INC. 


1079 COMMONWEALTH AVE. © BOSTON 15, MASSACHUSETTS 
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Predicting Performance 
of Metering Pumps 


Metering and proportioning pumps move fluids. More significantly, perhaps, 
they can be relied on as flowmeters because of the direct relationship 
between pump speed and discharge flow rate. However, pumps must be 
selected for a given service, pumps wear with usage, and often a new pump 
size must be determined for a scaled-up process. Author Beerbower derives 
a figure of merit for metering pumps and shows how he used it in predicting 
pump performance when going from pilot plant to full scale operation. 


A. BEERBOWER 
Esso Research and Engineering Co. 


Small rotary pumps are widely used for metering 
and proportioning service in both pilot plant and 
full scale operations. But even the best of such posi- 
tive displacement units suffers from some slippage 
(loss of discharge flow) under conditions of high 
pressure and low viscosity. The resulting reduced 
efficiency can be easily taken into account when it is 
recognized that the amount of slippage obeys rela- 
tively simple rules that permit calculation—from two 
measurements—of pump efficiency for almost any 
conditions of service. 

Two basic factors, the differential pressure across 
the pump and the fluid viscosity, influence the 
amount of slippage. Pump manufacturers frequently 
provide a chart showing the variation in discharge 
flow rate with pressure for a given fluid, but seldom 
do they give definite information on the effect of 
viscosity changes. The lack of such information 
can be troublesome when contemplating a change 
to a different fluid of different viscosity, or even 
when using the same fluid at a different temperature 
and hence different viscosity. Therefore the follow- 
ing procedure should prove useful in extending 
makers’ information to service conditions not cov- 
ered in data sheets. 


Pump slippage 

Assuming the pump is dimensionally stable when 
under pressure and that the fluid is Newtonian, con- 
sideration of the slippage phenomenon leads to a 
simple model, Figure 1, in which the various leakage 


paths from the discharge side to the suction side 
are all represented by a single capillary. Here the 
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FIG. 1. Characterization of a metering pump as having 
one’ capilliary leak equivalent to all imternal leakage 
paths simplifies analysis to determine pump performance 


slippage Ro — R is represented by: 
Ro —-R=KP/V 
where Ro = total flow rate, cu in./sec at zero pressure 
differential 
R = discharge flow rate, cu in./sec at P pressure 
differential 
P = pressure differential P, — P,, psi 
V = absolute viscosity, centipoises 
K =a constant including the radius and length of the 
imaginary capillary 

Examination of Equation 1 leads to the conclu- 
sions that, for a given pump: 

1. Slippage at constant viscosity is a linear func 
tion of pressure, varying from zero discharge rate 
at zero pressure differential to 100 percent discharge 
rate at some finite pressure differential. Such a con- 
clusion is verified in general by makers’ pump 
curves, although such curves are somewhat irregular 
due to experimental errors, temperature variations, 
and perhaps distortion of pump parts. 

2. Slippage at constant pressure differential is 





inversely proportional to absolute viscosity. Again 
the conclusion has been substantiated by manufac- 
turers’ data as well as by extensive tests at Esso’s 
pilot plant for continuous grease manufacture. (The 
only deviations observed have been when the suc- 
tion port has been inadequate to permit entrance 
of a highly viscous product at the required rate.) 
This experimental linearity justifies the use of the 
Newton equation of streamline flow in developing 
Equation 1; for if the flow were turbulent, slippage 
would not be linear with respect to viscosity or 
pressure. Experimental linearity also indicates that 
viscosity changes due to pump friction heat are not 
significant. 

3. Slippage is independent of rotarv speed. This 
conclusion has also been experimentally verified. 


Determining the K-factor 


The K-factor in Equation | provides useful in- 
formation about a given pump. For a given capacity 
a small K value indicates a high quality pump. The 
K-factor may be determined by two simple tests: 

1. Run the pump at zero pressure differential and 
measure the discharge flow rate R accurately. Note 
that at zero pressure differential R equals Ro. To 
obtain zero pressure differential, the valve at R is 
opened wide, but if the differential is still greater 
than zero the suction pressure P; can be increased 
(perhaps by using compressed air to increase the 
head) to overcome the pump’s pressure drop. 

2. Run the pump at the maximum pressure Po, 
with a thin fluid of known viscosity, and measure 
the flow rate R at the same speed as in step 1. (If 
the speed differs from that in step 1, correct Ro 
by the speed ratio.) 

3. Then, K = (Ro — R) X V/P (2 

As an example of calculating the K-factor for a 
given pump and fluid, suppose the pump discharges 
10.0 cu in./sec at 30 rps and zero pressure differen- 
tial (step 1) and discharges 9.5 cu in./sec at 29.1 
rps and 100 psi differential (step 2), with an oil 
having a 4centipoise viscositv. Using Equation 2: 


K =| 100x 20.1 —95 1x . = 0.0089 
i. a es 


Under special circumstances the pump can be 
calibrated without actually discharging any fluid. 
The discharge line at R is pinched off (R = 0). 
Thus there is 100-percent leakage-flow recycle 
through the pump. Then Ro is the product of the 
pump’s displacement D in vol/rev and the pump 
speed W in rps. Therefore Equation 1 can be 
modified to: 


K = |(DW) — 0] xX V/P (3) 
Continuing from the preceding example, suppose 


D = 0.33 and at shutoff the pump generates a pres- 
sure of 4,250 psi at 28.3 rps. Then: 


K = [(0.33 X 28.3) — 0] x = 0.0089 


_4 
4,250 


Comparing pumps of different size 


The K-factor is a figure of merit for pumps of 
the same rated capacity. However, it is often desir- 
able to compare pumps of different sizes. For this 
purpose, a new figure of merit, the C-factor, is in- 
voked. The C-factor is simply a pump’s K-factor 
divided by the pump’s displacement, yielding: 

(Ro — R) V 


= (4 
¢ DP 


Assuming a maker exercises constant workman- 
ship and design, pumps having different capacities 
but in a given series should have the same C-factor. 
That this is essentially the case is borne out by the 
plot, Figure 2, of C-factor vs displacement of a 
series of pumps produced by one manufacturer. In- 
formation like that in Figure 2 gives credence to 
the practice of some pump manufacturers who quote 
a single volumetric efficiency for a given series of 
pumps—for volumetric efficiency VE is related to 


the C-factor by: 


oa = CP 
VE = 100 Ro/R = 100 (1 _ wr) 


How wear affects pumping accuracy 

Equation 1, or more specifically Equation 4, can 
be used to anticipate the pump’s actual performance 
in a given service, particularly the effect of pump 
wear with time. Here the point of interest is the 
effect on discharge flow rate caused by a change in 
differential pressure at constant speed. Equation 4 
can be rewritten as: 


> 
rok vr 


and differentiating with respect to P yields: 


FIG. 2. Ina given series of pumps, smaller size pumps 
have a larger C-factor. As pump displacement be 
comes greater, the C-factor decreases to an approxi 
mate constant value over a wide range of sizes, thus 
indicating that because of consistent design and work 
manship within this range the C-factor for one size 
can be assumed to be the same for a larger pump 
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and hence 


5B) 


‘or a given pump in a given service, the C-factor 
increases as the pump wears. From Equation 5A 
or 5B it can be seen that the larger the C-factor, the 
greater is the percent change in flow rate with re- 
spect to a change in differential pressure. While 
the pilot plant or process operator can periodically 
compensate for the effect of increasing slippage on 
discharge flow rate by correspondingly increasing 
pump speed, he can only do so until he reaches the 
top speed of the pump motor. Up to a point, then, 
desired flow rate can be maintained on an average. 
But, as Equations 5A and 5B show, a worn pump, 
with a larger C-factor, is more susceptible to a flow 
rate error due to a process disturbance, like a change 
in suction pressure, than is a new pump. Experience 
in using metering pumps in grease manufacture has 
indicated the desirability of pump replacement when 
dR/RdP exceeds 0.3 percent per psi. 

In summary, the.C-factor simplifies the selection 
of a metering pump for a specific service, aids in 
checking the wear rate of the pump once it is in- 
stalled, and permits predicting pump performance 
for a change in service. These three problems will 
be evaluated in taking a process from the pilot plant 
to a full scale operation. 


Scaling up pump size 


In scaling up a pilot plant process, the conditions 
for full scale operation were to meter an oil of 30 
centipoises at 39 cu in./sec flow and 50 psi differen- 
tial. ‘Tests were run on available laboratory size 
metering pumps, see table, as an aid in selecting 
a suitable larger pump in the same series. Spur 
gear No. 3 series was selected because the laboratory 
prototype had the smallest C-factor with which a 
plant size pump in that series could be obtained. 
In this case the pump selected had a displacement 
of 3.66 cu in./rev. 

Then a calculation was made to check for the 
sensitivity of metering accuracy to changes in differ- 
ential pressure. Recapitulating, Ro = 39, R = 50, 
V = 30, D = 3.66, and C = 0.264 (assuming C 
remains at the same value for the larger pump). 
Hence, from Equation 5A: 


aR 1 
Rap = ceotantins — = 0.00086 
; 39 X 30 _ 50 
0.264 X 3.66 
0.086 percent per psi, 


an acceptable value. 
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TYPICAL RATINGS OF SMALL 
METERING PUMPS 





Displacement 

Pump 
Spur Gear No. 
Spur Gear No. : 
Spur Gear No. ‘ 
Multipiston 
Twin Piston* 
Internal Gear 
Screw No. 1 
Screw No. 2. 
Vane. 





* Cam operated for nonpulsating flow. 


Checking pump wear rate 


Based on the preceding calculations indicating the 
proposed larger size pump would be satisfactory for 
the intended service, spur gear No. 3 pump with a 
displacement of 3.66 cu in./rev was purchased, 
tested, and installed. Periodic checks on the effect 
of wear on the C-factor showed the following history: 


Months of service C-tactor 
New 0.25 
6 0.63 
6 1.74 


Note that the C-factor for the new larger pump 
(0.25) nearly equals the value for th. smaller pump 
0.264), thus again indicating that quality-made 
pumps in the same series have substantially the same 
C-factor. This history of pump wear indicates the 
pump was run for too long a period, because for the 
given case the allowable 0.3 percent change in flow 
rate per psi corresponds to C = 1.0. 


Changing pump service 


The question then arose as to how thin a fluid the 
pump—in its original condition—could handle and 
stay within the same criterion of 0.3 percent per psi. 
Using Equation 5A rearranged to solve for V and 
inserting the values stated previously, the minimum 
viscosity is found to be 9.5 centipoises. 


The assumptions made herein are valid within 
engineering accuracy for metering and proportion- 
ing pumps handling Newtonian fluids. When such 
non-Newtonian fluids as emulsion or polymer types 
of hydraulic oils are pumped, the deviations from 
linear performance may be substantial. On the 
other hand, limited experience in handling New- 
tonian oils in elastomer-lined pumps (where the as- 
sumption of dimensional stability is invalid) has 
indicated that the relationships do not deviate as 
much as might be expeeted and are suitable.as first 
approximations. * 
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Thermo Electric 
Temperature Control 














Thermo Electric advanced systems-building components 
permit custom designing to satisfy your temperature moni- 
toring, indicating, recording, or controlling requirements, 
exactly and economically. Starting with T. E. thermo- 
couples—standard or special calibrations—from 1 inch to 
66 feet and longer, accessories are carefully selected by 
T. E. applications engineers to relay any number of sig- 
nals to your instrument panel. Quick-coupling plug and 
jack connectors and panels, extension wire and cable are 
precisely matched to eliminate false emf’s. Junction 
boxes, rotary, key or push-button selector switches are 
all designed and constructed by T. E. to the highest 
quality standards. 





To monitor, indicate, record or control process variables, 
T. E. offers the compact Signaling Controller—the 
Indicating Controller and Indicating Recorder with large, 
easily-read scales, or special multi-point monitor systerns. 
All instruments have front-set controls, complete in-the- 
field range interchangeability, ease of service, and feature 
the new High Gain Relay or Servo Amplifiers with high 
sensitivity and exceptional stability. 


The portable “MiniMite” Indicator with 23” scale and 
0.25% scale accuracy, can be used to indicate on-the-spot 
temperature or for calibration and test work. 


Let us assist in building your process control system. 


Send application details on your letterhead today to Dept. 11 
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—_ 


Thermo Electric 10.0. 36 3286 | 


in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario 
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Logical Synthesis Plus 
Breadboarding Yields 
Gray Code Counter 


The design of even simple digital control systems results in complex 
manipulations. Errors are easy to make and hard to find. Author 
Mergler shows the use of quantitative synthesis procedures for 
designing typical scaling logic and advocates a technique that may 
save you time and money. He checks a breadboard constructed 

of commercial logic modules before building the final system. 


HARRY W. MERGLER, Case Institute of ‘Technology 


The availability of commercial digital assemblies 
that perform many of the more frequently encoun- 
tered operations such as counting, frequency divi- 
sion, analog to digital conversion, encoding, and 
comparison has made it easier for the control sys- 
tems engineer to apply digital control techniques. 
Such equipment often permits him to synthesize 
major portions of complete systems with off-the- 
shelf digital instrumentation. But in almost every 
case there are points in the system that require 
the design of specific logic assemblies to meet the 
special requirements of the system at hand. Here 
the control engineer must perform the logical de- 
sign procedure, make sure the system performs 
satisfactorily, and develop the hardware configura 
tion that will be used in the operating equipment. 

Logical manipulations get complicated even when 
applied to simple digital systems. Mistakes are easy 
to make and hard to isolate unless there is an op- 
erating system to tinker with. And if an error isn’t 
spotted until the final hardware has been con- 
structed, it may force extensive rebuilding with the 
resultant expenditures of time and money. 

There is a way of avoiding this possibility today. 
Compatible digital logic modules are available that 
permit a designer to breadboard his system and 
check it out before developing the final hardware. 
In fact some manufacturers have logic modules 
available in both developmental and final hardware 
form, so that the identical digital circuit that is 
experimented with in breadboard form is used in 
the final system. In this case the breadboard can 
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FIG. 1. Problem is to 
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be connected with the other digital assemblies and 
the complete system performance checked. Ref- 
erence | lists some suppliers of logic units. 

A portion of a control system used to investigate 
nonradix based codes in the Numerical Control 
Laboratory at Case Institute of Technology is devel- 
oped to show the logical design procedure and the 
actual breadboard construction that was used to 
verify system performance. 


The Problem 


Contemporary numerical feedback control sys- 
tems use both incremental (pulse counting) and 
absolute (coded) data and radix and nonradix 
based code forms. In some systems that use com- 
binations of data forms and code bases, translators 





or code to code converters are required to make the 
language of command and response the same at the 
point of comparison. 

The system of Figure 1 uses absolute command 
data expressed in the nonradix based Grav code, 
and incremental unidirectional response data that 
must be converted to a Gray number proportional 
to the time integral of the data pulses produced by 
the quantizer as the controlled variable changes in 
magnitude. The circuit that is discussed here is 
constrained to perform the necessary counting oper- 
ation directly in the reflected form. 


The Logical Design Procedure 

Consider only the first four counting stages (A, 
B, C, and D) of the Gray counter. The first and 
second columns of Table I show this reflected code 
for the first 15 counts, while the binary states at 
t, and t,..; are tabulated in the second and third 
columns. 

The D binary (the lowest order digit) changes 
state every two input counts and is in the one state 
for the first count. This suggests a T (complement 
ing) flip-flop as an input stage to the D binary. For 


TABLE | 
Binary States for Four-Digit Gray Code Counter 





Count number 


[ABC Dh, [A BC D) 
0 0 0001 
0 0011 
0 0010 
0 0 0110 
0 0 01 
0 l 01 
0 1 

0 0 1 

1 
1 
I 


‘as 


l 0 
I 1 
l l 
l 0 0 
] 0 0 
] ] 0 
1 i 0 
] 0 0 


Gray code counting sequence 





TABLE II 


Kquations 1 and 6 Yield These Combinations 


2 
© 


Qnar = NQn + 92Qn T's 


0 
0 
1 
0 
0 
I 
l 
] 
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a T flip-flop the state equation (Ref. 2) is 


Qayt - QuTn + QnT'n (1) 
Here O,4; is the state (0 or 1) of the flip-flop at 
t = n + 1 as determined by its state O, at time 
t = n and the input T, at t = n. Designate this 
extra binary flip-flop E and let its output E,, be the 
input T’, to the D flip-flop. 

The logical design problem now consists of deter- 
mining the expressions for binary inputs T4, Tz, Te, 
and Tp in terms of the conduction states of the 
binaries. The application equations derived from 
the third column of Table I are: 


Ans: = [ABCD + ABCD + ABCD + ABCD 

+ ABCD + ABCD + ABCD 4 

Bus. = [ABCD + ABCD + ABCD + ABCD 

+ ABCD + ABCD + ABCD 4 

ABCD + ABCD + ABCD + ABCD 

+ ABCD + ABCD + ABCD 4 

Das: = [ABCD + ABCD + ABCD + ABCD 

+ ABCD + ABCD + ABCD + ABCD}, (5) 

Factoring Equations 2, 3, 4, and 5 vields equations 
of the form 


ABCD), (2) 
ABCD), (3) 


ABCD), 


. MNOn + Gn (6 
which gives pairs of simultancous Boolean equations 
that can be solved for 

a T,.(ag 

For all combinations of g;, go, and Q,, the values 
of O,41 and T,, can be calculated from Equations 
1 and 6. ‘This calculation is tabulated in ‘Table II, 
and yields the following expression for T,,: 

yf = Gn 
which reduces to 


— 


T 0:9:0n + q Gh), rg 9:0 a 


T, = Gin m6 gon (8) 
The factored application equations can then be 
algebraically reduced to obtain expressions for g; 
and go. 
For flip-flop A 
Any = A,(B + C + D), + An(BCD). 
a = (BCD), (BCD), 
For flip-flop B 
Baw = BAA + C + D) + BA{ACD) 
g = (ACD), and (ACD), 
For flip-flop C ‘ 
Cau = Cr(AB + AB + D)a 
¢ = (ABD + ABD), and g 
For flip-flop D 
Dnai = Da(ABC + ABC + ABC + ABC), 
+ D,(ABC + ABC + ABC + ABC), 
7: = C,(AB + AB), + C,(AB + AB), (12) 
Referring to Equation 8 it is now possible to write 
specific equations for the flip-flop inputs 


+ C,(ABD 4 
(ABD 4 


ABD), 
ABD), (11) 


Tan = An(BCD), + An(BCD), = (ED), (AB'+ AB), (13) 
Ts, = B,(ACD), + B,(ACD), = (CD),(AB + AB), (14) 
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FIG. 2A 


Forward 
input 


To D flip-flop 


To all gates 
Backward 
input 


FIG. 2B 


C,(ABD + ABD), + C,(ABD + ABD), 

(CD),(AB + AB), + (CD)(AB + AB)n 

D,{C,(AB + AB), + €,(AB + AB)q] 
D,{C,(AB + AB), + C,(AB 


T cn 
T' dn 


Since I, was designated equal to Tp, 


E, = (ABCD + ABCD + ABCD + ABCD 
ABCD + ABCD + ABCD 4 
AB + AB), + C,(AB + AB), 


D,|C(AB + AB), + C,(AB 


ABCD 
D.C, 
AB 
New expressions must be formulated for ‘T'¢, 
I’, that will incorporate the expression for F,,. 


r, IC(AB + AB) + C(AB 


Tn = (CDE 
T 4 CDE), (20) 

Equations 18, 19, and 20 precisely define the 
inputs to flip-flops C, B, and A and the logic diagram 
of Figure 2A can be drawn designating the inter- 
connections between the output combinations of 
the T flip-flops A, B, C, D, and E and their inputs. 
If these rather complicated Boolean manipulations 
are correct, such interconnections will constrain the 
counting flip-flops to assume conducting states ac- 
cording to the reflected binary code sequence. 

In actual servo applications the Gray code counter 
must possess bidirectional properties. The logical 
input circuitry for this purpose can be algebraically 


AB)| DE), IS 
19 
Similarly 
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FIG. 2. Logical design for Gray code counter 
\, input circuitry for making counter 
bidirectional, B and breadboard 


constructed from Wang Logical Circuitry. ¢ 


derived similarly and is shown above in Figure 2B. 


The breadboard 

he actual synthesis of the above circuits by means 
of Wang Logical Circuitry is shown in Figure 2C. 
Using this type of equipment for laboratory imple 
mentation of logical circuitry gives these benefits: 

1) The logical design can be rapidly implemented 
without regard to the quantitative electronic design 
of the individual logic elements. 

2) A rapid and positive means of evaluating the 
correctness of the logical design is provided. 

3) The logic can be studied with regard to such 
critical parameters as pulse amplitudes, rise times, 
polarities, delay times, and noise. 

Errors in Boolean manipulation are not readily 
recognized. Even in relatively simple systems the 
amount of manipulation provides such a favorable 
environment for error that many ideas are never 
explored beyond their logical equations because of 
the large time risk involved in the custom construc- 
tion of special logic. Using standard logic modules 
for breadboard study removes much of this risk. 


REFERENCES 
CONTROL SYSTEMS FOR DESIGN 
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BREADBOARDING 
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LOGICAL DESIGN OF DIGITAL COMPUTERS, \i 
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SERVO POWER 


CIRCLE 102 ON READER SERVICE CARD 


The powerful Servomatic motor in TRANSCOPE® 
Recorders and Transmitters, both pneumatic and 
electronic, is a plus feature that makes Taylor in- 
strumentation more than ever your best buy. 


The tremendous power of these servos not only over- 
comes friction and other problems associated with 
wear, it also means that the weakest signals, or the 
minutest changes in signal, are accurately registered 
and acted upon. It therefore assures unprecedented 
accuracy of recording and control. 

Superior design, finest quality components and top- 
flight engineering combine to save you money in 
these areas: 


e You can maintain better product quality with accu- 
racy of 14 of 1%, or \% of 1% if desired. 


e Your maintenance costs are reduced because rugged 
construction minimizes need for maintenance——and 
maintenance is simpler when required. 

e You can operate auxiliary equipment such as alarms, 
digital encoders and potentiometers because of the 
great reserve of power inherent in the servo motor. 


e You need a smaller inventory of parts ——and your op- 
erator training time is reduced. 
* * * 

Ask your Taylor Field Engineer to show you how servo 
power can help you cut costs and obtain better control. 
Taylor Instrument Companies 
Rochester, N.Y., and Toronto, Ont. 





Taylor Lnslruments 


MEAN ACCURACY FIRST 
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nformation System 


The following pages start a new 

feature department that will appear 
monthly under the title “Information 
Systems’. It means concentrated 
coverage for the reader of an area 

of technology and equipment development 
which is demanding more and more of 
the control engineer’s interest. 

The department will bring together 
practical, authoritative articles on 

new techniques, equipment, applications, 
and principles in the generalized areas 

of data gathering, data transmission 

and storage, data reduction and 
processing, and information presentation. 





An information system turns collected data into 
meaningful information. Business, industry, and 
the military are mechanizing important informa- 
tion systems as fast as the communications and 
computer arts permit. The object of this mech- 
anization is better information about critical 
operating conditions in a shorter time. And when 
information systems become so fast that the infor- 
mation can be considered “current”, automatic 
control is feasible. Thus the information system 
enters the control system and control engineering. 

Four principal functions are recognizable in 
information systems: data gathering, data trans- 
mission, data processing, and information presen- 
tatioi, see Figure 1. The first and last are input 
and output functions for the information system. 
The transmission and processing functions may 
appear anywhere in the system in any order. Each 
of these functions can be mechanized in whole or 
in part by many techniques and many equipments 
already available: Figure 1 names a few and each 
should suggest others to the reader. 

Mechanized information systems have already 
reached the level of automatic control: in busi- 
ness for inventory control and automatic customer 
billing; in industry for control of machine tools, 
unit operations and processes, and even whole 
production lines and operating departments; and 
in military operations for missile guidance and 
checkout, defense warning, and logistics systems. 
There are many other examples. 

But the much larger number of off-line applica- 
tions of information systems must alse concern 
control engineers. First, because any information 
system is a dynamic system and its dynamics must 
be made compatible with the dynamics of the sys- 
tem in which it operates. Second, open-loop applica- 
tions often suggest solutions for the closed-loop. 
And third, the end purpose of any information sys- 
tem is control in some sense, even if only indirect. 

The information system fits into the control sys- 
tem as in Figure 2. It is apparent that its addi- 
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tion does not change the control system. 

Figure 2 does, however, admit a new view of 
the general. control system which undoubtedly 
should be taken by the engineers of systems that 
include extensive information handling. The new 
concept is that any control system can be con- 
sidered as a measuring system plus an information 
system plus an actuating system. This view may 
also prove useful to control theorists for analysis 
of even simple systems. In this concept the infor- 
mation system is the decision-maker or brains of 
the control system. It can include means for cal- 
culating known or probable measurement errors, 
and if sophisticated enough and fast enough, can 
even make up for inadequacies in accuracy or speed 
of the actuating system. 

Note that the input to the information system 
in a control application is measured or observed 
data. The output is information to be used in 
changing the measured condition. The word infor- 
mation is used here to mean data significant to the 
control problem as contrasted with the measured 
data which may be collected by more-than-ade- 
quate transducers. Thus data reduction (to infor- 
mation by our definition) is often implied in a con- 
trol information system. 

Note also that the inputs and outputs of the 
information system may be to physical systems 
or their human operators. The input and output 
arrows in Figure 2 which form the closed control 
loop exist sequentially in time, but the maximum 
time allowable in the information system depends 
on the system being controlled. Thus in some 
business systems where the effects of changing 
economic conditions may not be apparent for days 
or weeks, an information system of the traditional 
form involving much manual paperwork and 
memorandum passing may well produce some con- 
trol of the business operation. But better control 
will generally require increased speed in the infor- 
mation system, hence mechanization and perhaps 
elimination of humans at the input and output. 
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FIG. 1. The four areas of the informa- 
tion system imply many specific tech- 
niques and equipments from the com- 
puter and communications fields. Only 
some are shown here, but they show 
the scope of information systems. 





FIG. 2. Concept: a 
measurement system 
plus an information 
system plus an actua- 
tion system equals a 
control system. 
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Control engineers will serve business 
as well as industry 


What practical effects will the advent of infor- 
mation systems in control have for control engi- 
neers? Idealizing for the moment, it means that 
all operations on measured data up to the point 
of actually changing the conditions (actuation) 
can be considered merely information handling 
and processing operations. But the arts and tech- 
niques of handling and processing information 
have already been highly developed in the com- 
puter and communications industries. So it is 
natural from the information systems view that 
control systems should come to include a high 
content of equipments from these industries. 

In process control systems where large amounts 
of data must be handled at high speeds to develop 
a real-time control signal, the use of computer 
equipment and electronic data communications is 
natural and sometimes the only feasible solution. 
A number of such systems are already operating 
in the chemical and petroleum industries (Refs. 
1 and 2). Others are running steam power gener- 
ating stations in the electric utility field with many 
more contracted for. Still others are now being 
built for computing control of steel rolling mills 
(Ref. 3). 

And in business systems also the techniques 
and equipment of information systems are being 
put to work to mechanize those portions where 
more complete and up-to-date information can pay 
off in better control. There are many operating 
examples in production control systems, inventory 
control systems, shop order locating systems, and 
even broader manufacturing control systems in 
which the computer is time-shared among the 
various jobs on a priority basis (Ref. 4). 

And the military services, too, have been pres- 
sing their systems contractors for maximum mech- 
anization of information systems at every level 
from analysis of experiments to automatic trajec- 
tory control of space vehicles, from production 
line quality controls to automatic prelaunch sys- 
tem checkers, and from temperature monitoring 
systems to defense warning networks (Ref. 5). 

Really sophisticated control of even complete 
businesses with hundreds of independent and in- 
teracting variables affecting optimally correct 
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control levels is already feasible with today’s com- 
puters. But progress in the control of such many- 
faceted dynamic systems will largely follow the 
suecesses of systems analysts and operations re- 
search teams in their attempts to determine sets 
of interrelated equations which adequately describe 
such systems. Completely automatic_control of 
very large systems will therefore be a goal for a 
long time to come. 

In the meantime, business managers will con- 
tinue to recognize the value of improving and 
speeding the information available to them about 
the more important operations within their busi- 
nesses, and they will detect bottlenecks in minor 
operations which slow the important ones. Control 
engineers have already developed much of the 
know-how to mechanize critical business opera- 
tions in their work with process and production 
contrel systems. With such knowledge, control 
engineers will design such subsystems for business 
control—whether the business is missiles or manu- 
facturing, or even banking or merchandising. 

The common denominator in these seemingly 
unrelated applications is the control engineer’s 
familiarity with the characteristics of dynamic 
systems plus his broad knowledge of available 
equipments in the information systems area and 
their relative abilities and advantages when used 
in dynamic systems. This most important view 
of the dynamic effects of data processing equip- 
ment when used on-line in larger systems is almost 
uniquely the control engineer’s. 
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Quis UNIQUE %”" DIAMETER 


TIMER MOTOR 

OR TACH GENERATOR 
WITHSTANDS DROPPING 
FROM MILES HIGH 


Virtually No Speed Variation From -67°F to +167°F 


Due To Special Dry Lubrication Method 


Type 9001-03 Size 9 28VDC permanent magnet timer motor or motor tach 
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Job Shop Production Control 


on a Computer 


Consolidating paperwork into a single organization, run by 
acomputer, reduced Bell Helicopter’s inventory by $500,000 
and cut manufacturing lead time on helicopters in half. 


MARVIN REID, McGraw-Hill News 


Setting up the repetitive paper handling that 
makes automatic data processing so attractive is 
not so easy in a job shop because each job moving 
through the plant can be quite different. To 
manufacture a complex piece of machinery like 
a helicopter complicates the problem additionally 
because the manufacturing takes so long, requires 
so many different machinery and testing opera- 
tions, and uses such a large number of materials 
and component parts. One approach to this prob- 
lem is the all encompassing data processing 
system now being installed at Bell Helicopter Co.’s 
Fort Worth, Tex., plant. 

With this new system Bell will bring all major 
manufacturing record and control systems into 
one functional organization. This includes buy- 
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ing, receiving, storing, production, shipping, 
billing, and manufacturing accounting. Eventu- 
ally the organization will also include such subsid- 
iary activities as shop loading, labor forecastiag, 
statistical quality control, and production simula- 
tion. Sometime in the future Bell may even try 
to convert engineering design information into 
computer terms, so that engineering paperwork 
will flow into production paperwork smoothly. 

The over-all system is illustrated in Figure 1, 
though it is not yet completely installed. It has 
been designed to do three main jobs: material 
controls, production controls, and planning and tool 
controls. At the start the system will operate on 
an IBM 650. Later this year a new IBM 1401 
machine will replace the older unit. 

One of the first implementing steps that had 
to be taken was to integrate and automate all 
working paper and record files. The new com- 
puter-processable files have produced tremendous 





Systems 


time and space savings. For example, material 
catalogs previously were kept in four places. Now 
they have been consolidated into a single punched 
card record center. Within hours of receipt of 
an order for follow-on production—an order that 
requires no new engineering design—the system 
accomplishes all the work of exploding the order 
into terms of scheduled materials, parts, and sub- 
contracting. Reading from the all purpose basic 
files, the computer spells out total material re- 
quirements, determines which of these are in 
inventory in sufficient quantities to complete the 
job, and lists those which must be purchased. 

To set up such a file Bell first had to catalog 
some 40,000 items of material and to establish a 
single, uniform coding system for identification. 
In addition to providing the base for electronic 
data processing, the coding arrangement elimi- 
nated confusion resulting when one person identi- 
fies a part one way and another calls it by a 
different name er number. 

Previously this had been an annoying and ex- 


Keypunch operators prepare master 
files on punched cards; 


Computer performs subroutines 


required by integrated system; 


pensive problem. In one case before the master 
catalog was developed, the engineering depart- 
ment had described four different antennas from 
four different vendors by each vendor’s identifica- 
tion—although all four had equal capability and 
were of comparable size. At one time a shortage 
existed in one type and procurement was expe- 
dited, while one of the other types—which would 
have served as well—was being sold as surplus. 
By defining a requirement and cataloging it, all 
four antennas were put under one material code 
number with alternate procurement authorized. 


Source files in the computer 


Bell’s entire new manufacturing control system 
is based on such computer-processable files and 
integrated techniques. The company has prepared 
basic tape and card files to provide the single 
source—and common language—to all require- 
ments: contractual, materials, labor, tooling, 
factory routing, etc. There is no secondary file 
system. The basic files include these: 


Tabular printout is one output of system; 
punched card is another 
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> Contract Requirements—Key sales informa- 
tion for determining the backlog of busimess. 
Identifies each contract in work by project and 
model, work order, helicopter unit number, require- 
ment date, dollar value, and other pertinent 
descriptive data. The computer uses this file to 
establish gross contract requirements, in fore- 
casting income, for various analytical reports, and 
as input for its gross requirements for production. 

> Engineering Assembly Parts List File—One 


of three files maintained by the Data Release 
Group, this is a direct reflection of the engineer- 
ing drawing. It shows the quantity of materials, 
parts, and subassemblies going into each assembly. 
In addition, each item is coded for ship effectivity, 
type of part, schedule index, and subcontract 
status. These lists are released to production with 
the engineering documents. An average helicopter 
model has about 35,000 parts list entries. 

> Manufacturing Assembly Parts List—This is 








FIG. 2. 


HOW 
MATERIALS 
ARE 
CONTROLLED 








Step 1. Gross requirements are determined. 


After a punched card containing information about 
the contract is inserted, each card in the manufactur- 
ing assembly parts list is read into the computer. Then 
the quantity of the part required by the order is com- 
puted; a table-lookup is performed to determine the 
number of days required to supply the part or mate- 
rial; a check is run to ascertain that the part specifica- 
tions are still effective; finally a requirement card is 
punched out indicating by code: the type of part or 
raw material replacement, ship requirement or spare 
part, and make or buy. 


Step 2. Balance required is computed. 


To determine the balance required, the computer 
subtracts from the gross requirements two elements: 
items in the Cumulative Complete file and in the Order 
Location file. The former is kept up to date with trav- 
eler cards that report the total completed parts by part 
number made by the shop as the work is completed. 
The latter has a card for every traveler card in the 
shop and indicates where each traveler is. Completed 


parts in stock are subtracted from the gross require- 
ment as are parts in process that will be complete by 
the time the specified order will need them. A Balance 
Required card is punched for all items that need to be 
made. In addition, stock shortage notices are punched 
for items which are behind schedule, and excess stock 
notices are punched out if complete parts and work in 
process go over contract requirements. 


Step 3. Raw material needed is determined. 


Combining Balance Required cards with the Parts- 
Material Requirements file in the computer converts 
part numbers to material codes, computes the amount 
of material required, allows a material loss for scrap, 
and punches out a raw material requirement card. 


Step 4. Material shortages are spotlighted. 


The Raw Materials Requirements output, Purchase 
Order Commitment, and Inventory Files are combined 
to find material shortages. Shortages are identified as 
items that have not been ordered by the purchasing 
department, are not in inventory, or are not in process. 
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a record of the planned manufacturing buildup 
of the end product. It incorporates latest manu- 
facturing and assembly methods specified by the 
Production Engineering Dept. on planning and 
operation sheets. It also is maintained by the 
Data Release Group. 

> Parts-Material Requirements File—Last of 
the files maintained by the Data Release Group, 
this provides an up-to-date record of material code, 
description, and quantity required to make each 
detail part. It is the link between the Manufactur- 
ing Assembly Parts List and two material files, 
the Inventory File and the Purchase Order Com- 
mitment File. Material Coding provides the com- 
mon denominator. Information for each of the 
three files maintained by Data Release is assimi- 
lated from engineering drawing bills of material 
and from planning and operation sheets. It is 
incorporated into the applicable files nightly. 

> Order Location File—This record contains all 
of the necessary information to control production 
work in progress. It is constantly updated by the 
latest direct labor time charges to show shop order 
location, cumulative actual hours, and estimated 
hours to complete (standard less actual to date). 
Material requisitions update material costs to date. 

> Parts-Tool Requirements List—This file re- 
lates families of tools directly to the part or parts 
on which they are used. It is combined with a 
Tooling Order Location File to produce tool 
reports. The location file, created as the tool 


order is released, carries a wide variety of infor- 
mation including account number, usage effec- 
tivity, priority code, schedule and actual comple- 


tion date, and estimated and actual cost. 

How these are used in subroutines is illustrated 
by the control system in Figure 2. Others will be 
combined for production control and planning. 


Adding up benefits 


One of the most significant savings of time and 
money accrues from the periodic summary of 
operations by the computer to monitor manufac- 
turing activity. Each week the computer reviews 
the status of the total backlog of business in the 
plant (currently running about $50 million) and 
picks out trouble spots: orders that are behind 
schedule or are over budget. 

Bell’s management lists these specific examples 
of benefits already received from the installation: 

e Availability of up-to-the-minute production 
data. Continuing contract status reports show 
actual dollars and hours expended to date on each 
contract and compare this to budgeted dollars 
and hours. Backup information is available at 
any level—by end product, assemblies, or parts. 

¢The ability to forecast material requirements 
with increased accuracy helped reduce inventories. 
The computer also surveys all inventoried items 
for obsolescence. It picks out items which have 
become obsolete both as a result of design changes 
and changes in specification designation. As a 
result, the purchasing department buys materials 
that conform to latest specifications. 

e Availability of basic data on all production 
models in tape files has cut the lead time on fol- 


low-on orders. A costed bill of materials, either for 
production or for bidding purposes, can be pre- 
pared in two hours. Information such as raw 
material and vendor parts required, tools needed, 
and labor requirements are instantly available. 

¢ Duplication of effort, clerical work, and elapsed 
time in the release and utilization by manufactur- 
ing of engineering information has been cut. 
One department, the Data Release Group, simul- 
taneously transcribes information from engineer- 
ing documents and/or planning sheets for all 
manufacturing uses. Previously, all departments 
using assembly parts lists had to do their own 
transcribing. This required duplication of effort 
and files in production control, spare parts, esti- 
mating, service, planning, and subcontracting. 

eA system for collection of basic data from the 
factory provides for action files needed to control 
work in progress and supplies normal labor and 
material distribution information. Each direct 
labor time charge is accomplished by location of 
the shop order being charged, thereby adjusting 
the shop order location file. Material changes 
adjust inventory files while on their way to dis- 
tribution over Bell’s Chart of Accounts. 

Engineering cost and time data are currently 
recorded apart from the electronic data processing 
system. Management hopes later to expand the 
system to pick up each new contract with its re- 
lease to engineering and to control its flow through 
the engineering design process much as shop 
orders are controlled through manufacturing. 

When this installation is complete, Bell has even 
more ambitious plans. The next logical step, says 
department head Tom Fisher, is for the engineer 
to define his design in computer terms for direct 
computer input. The computer will compute angles 
of attack, cutting paths, and so forth and will 
prepare the tape which will result in automated 
end production when fed into the director unit of 
a machine tool. 

To accommodate the hardware required for the 
new production control system, Bell added a new 
$1 million, 10,000 sq ft wing to its plant. Bell man- 
agement also formed a special Data Processing 
Dept. to operate the new program. 

At the start an IBM 650 computer with support- 
ing peripheral equipment was installed. Then the 
computer’s capabilities were doubled by the addi- 
tion of an IBM 548 card reader, a 544 card punch, 
and six magnetic tape units. The new card equip- 
ment updates master files by 250 cards per min. 

Next step is to replace the 650 with an IBM 
1401 to speed up operations even further. With 
the new machine the transmitting system will 
print 600 lines per min compared to 150 lines 
per min at present. And the 1401’s tape handling 
speed will be 62,500 characters per sec compared 
to 15,000 per sec with the IBM 650. 

Cost of this installation is running about $1 
million per year, a figure that includes a direct 
budget of $670,000 per year for equipment rental 
and operating overhead. The biggest payoff so 
far has been in enabling the company to reduce 
its inventory by $500,000 and by cutting the lead 
time on helicopters by 50 percent. 
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Information 


Unique Plotting System Turns 
Digits Into Curves 


THE GIST: Wherea 


sufficiently large average volume of plotting 


justifies the preparation of a special format magnetic tape, this 
unique system for continuous curve plotting of digital computer 
results can save considerable time and eliminate operator errors. 


Plotting is done on standard X-Y or strip chart recorders. 


The 


system is kept simple by placing the operational burden on the 
conputer subroutines used in preparing the plotter tape. Control 
of the plotter is thus in the hands of the computer programmer, 
in keeping with present trends in digital off-line equipment. 


MITCHELL BAIN, Jet Propulsion Laboratory 
ROBERT N. FLANDERS, F. L. Moseley Co. 


Five different approaches to the problem of 
plotting digital computer results are used in sys- 
tems currently available, as shown in the table on 
the next page. The cost and complexity of these 
systems are directly related to plotting speed. 
Selection of one of these types as the plotter for 
a particular computer installation thus depends 
usually on the volume of plotting that is expected 
to be done, although maximum available plotting 
speed must sometimes be the criterion. Type 3 
of the table is represented by the Moseley Type 
575 system, which is unique in that it plots digital 
results by drawing continuous curves at the rate 
of 4 in. per sec. Equipment is simple because the 
special computer-prepared magnetic tape used as 
input contains all operational data for the plotter. 
The 575 system is similar to the point plotters of 
Type 2 with the following differences: 

e Continuous curves are plotted by placing many 
points close together, typically 25 to the inch, and 
leaving the plotter pen in contact with the paper 
so that the plotter draws a smooth curve. 

*No editing is required of the data since the 
tape is written specifically for plotting in a fixed 
format. In particular, scaling and zero offsetting 
are handled in the computer routine. 

¢ The operator’s job is reduced to simply moni- 
toring the operation. Plot labeling, raising and 
lowering the pen, and (in some versions of the 
system) changing paper are under tape control. 

¢The system also plots curves on strip chart 
recorders where the “time” axis is tape controlled. 

¢ The time necessary to prepare the tapes on the 
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computer and execute the plots is less than the 
time needed for comparable plots prepared on a 
magnetic tape point plotter using the tabulator 
(off-line) tape. 

This last point needs elaboration. To plot con- 
tinuous curves the tape contains hundreds of 
points per curve instead of the dozen or so used 
in point plotting from a tabular tape. Scaling and 
zero offsetting are done by transformation routines 
in the computer. Hence the total computing load 
has been increased. Nevertheless the time taken 
by the computer to write the plotting tape has 
not been increased. The reason for this seeming 
paradox is the elimination of the end-of-record 
gap requirement of IBM off-line magnetic tapes 
(to tabulator or card punch). 

Each point of an off-line tape must be written 
in a record separated by the end-of-record gap, 
{ in. of blank tape, from the next point or record. 
Consider a curve defined by points spaced each 3 
in, on the graph. If the curve is 15 in. long, then 
30 points are plotted with a magnetic tape point 
plotter (Type 2), while 375 “points” are needed 
after interpolation for the continuous curve plotter. 

The 30 points needed for the point plotter are 
written in 30 records, each of two IBM words. 
One defines the X coordinate and the other the Y 
coordinate. At ? in. spacing per record, the total 
length of tape required is 24 in. 

The 375 “points” of the continuous system are 
packed into a single record, 375 words long. This 
record requires 12 in. of tape (IBM records 333 
words per in. of tape). The continuous system 





Systems 








Quick Guide to 


Digital Plotting Systems 





Source of 


Description of 
data 


system 


Speed 


Remarks 





Semiautomatic 
hand plotting 
Byproduct 


Slow 


Operator reads tab sheet and punches data in keyboard- 
controlled point plotter. Process is therefore a byproduct 
of tabulating. Good for occasional plotting. 





of Automatic point 
plotting 


tabulation 


100 
points 
per min 


Slow speed limits process to small volumes of data. Digits 
to be plotted are read automatically from punched tape, 
punched cards, or magnetic tape prepared originally to 
drive tabulator printer. Plotting equipment must edit data 
(select abscissa and ordinate scales, select significant digits, 
adjust zero position, determine beginning and end of run). 





Increasing cost and complexity 





= 


Continuous 

curve plotting 
a on X-¥ or 
Generated strip charts 


directly 


4-in. 
curve 


per sec 


Special magnetic tape for plotter control is written by 
general purpose computer subroutines. Data on tape is thus 
already edited. Special data format used on tape permits 
continuous reading and high speed plotting. Automatic plot 
labeling available. System described in article. 





Multistylus 
facsimile 
plotter 


by 
specially 


prepared 


Paper 
speed 

1 in. 
per sec 


Special magnetic tape for plotter control is written by 
general purpose computer subroutines. Particularly adapt- 
able to plotting of time records such as encountered in 
missile telemetry and rocket engine test data reduction. 
Usually justified by handling tabulating chores in addition 
to plotting. 





computer Y¥-Y cathode 
ray tube to 


routines microfilm 


Very fast, 
usable 
on-line 


Special computer prepared tape may be used, but some 
versions can work on-line, in which case no tape is neces- 
sary. Types 4 and 5 make finished plots with labels to good 
accuracy because graph lines are drawn with plot of data. 
New computer tabulators are fast enough that tabulating 
on these expensive machines may not be desirable. 





thus gives a 2 to 1 saving in tape and a 2 to 1 


saving in tape writing time by the computer. 


graph decreases. It is evident that to use an 
off-line tabulator tape for drawing continuous 


If the point plotter can plot 100 points per min, 
then the 30 points of the curve require 18 sec. 
The continuous plotter can draw the same 15-in. 
curve in 4 sec, 

In actual practice the analysis just made is 
never as simple as in this hypothetical case. Rec- 
ords for off-line tabulating are usually longer than 
two IBM words, and many plot points can be 
written in a single record to be picked up in 
repeated passes of the tape. 

But the analysis given does reveal why plotter 
systems of Type 2, designed to read off-line tabula- 
tor tapes, are unsuitable for drawing continuous 
curves by placing many points close together. The 
percent of tape wasted by the end-of-record gap 
increases as the spacing between points on the 


Tape 
transport 


Tape contro! 





curves requires that a special tape be written 
in addition to the tape used to drive the tabulator. 
The points needed to define the curve are too dense 
for a reasonable tabulation. 

Figure 1 diagrams the magnetic tape continuous 
curve plotting system designed for reading IBM 
binary tapes. The computer tape is read at 3 
in. per sec or less, and the bits read off the tape 
are shifted through a 6 x 6 shift register. When 
a complete IBM word is detected, the instruction 
portion of the tape is interpreted and the data 
acted on accordingly. For example, the 12 bits of 
the word defining the Y variable may be trans- 
ferred to the 12-bit digital to analog converter 
controlling the Y-axis servo on the plotter. 

The word format used for binary tapes is 








Pen. control 














i Null detector 





pulse 


FIG. 1. Block diagram of automatic continuous 
magnetic tape digital plotting system. 





sketched in Figure 2. Each word of 36 bits con- 
tains 12 bits of X data, 12 bits of Y data, 6 bits 
of word identification, and 6 command bits. 

The tape transport reading the computer tape 
runs at 3 in. per sec or less. The word rate into 
the shift register is 100 words (100 X-Y coordinate 
pairs) per sec. If 25 points define 1 in. of curve 
under computer control, the plotting rate is 4 in. 
per sec. At this speed if the curve is well behaved 


the plotting accuracy is better than 0.2 percent of 
full scale. More sophisticated subroutines vary the 
point density and therefore the plotting speed ac- 
cording to the behavior of the curve. 

The plotter scale factor is fixed at 3,072 counts 
along the X axis and 2,048 counts along the Y 
axis with the origin in the lower left hand corner 
when a standard 15 x 10 in. plotting grid is used. 
Checking paper position and sensitivity is there- 


TAPE FORMATS 





Stop pulse to tape transpor* 
X,°** Mp to X-register of 


aati ae digital-to-analog converte 
Word ident 








y, Yo to Y-register 
Pen down 


y | , Pen up 


oI 
| | 
| | 
Rive 


Stop tape transport, but 
start again on next pulse 


foal 
nm 
a 


= 7 





FIG. 2. Word format used on IBM binary 





1 
12-bit address 4-octal digit | Mirror image of address 


~Address 
identification 


End-of-record 
gap 


tapes. Typically, 25 such words are used 
per inch of plotted curve. No gaps are 
required between words on the tape. 


FIG. 3. Address word format used at 
start of each curve is separated from 
continuous curve recording format of 
Figure 1 by 3-in. end-of-record gap, can 
be read from either direction at mazi- 
mum search speeds to locate beginning 
of curve. 














Actuate event marker 


Step paper feed ' 


} 
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FIG. 4. Word format used for control- 
ling strip chart recorder uses 11-bit 
binary codes to locate each of two pens 
within plus or minus 0.0025 in. on a 
10-in. wide chart. 








FIG. 5. 

Electromagnetic fields of 
cryogenic gyro plotted 
automatically by continu- 
ous 7.0tter described 
(Courtesy of Jet Propul- 
sion Laboratory, Fusa- 
dena, Calif.). 


fore simple since the adjustments never change. 


Operation is easy 


The beginning of a curve or family of curves 
is addressed on the tape by the special computer 
word sketched in Figure 3. This address word 
precedes the curve and is followed by an end-of- 
record gap. The address is a four-digit octal num- 
ber enumerated from the beginning of the tape. 
To find a curve the operator enters the desired 
address into the Y register by means of the push- 
buttons. Switching the equipment to the search 
mode allows the tape transport to run at its 
maximum speed: 9 in. per sec on the Potter Instru- 
ment Co. Model 3280 and 30 in. per sec on the 
Shepherd Industries DT series. Reaching the 
sought address the tape automatically stops and 
plotting can begin. Searching can be done in either 
direction; note the symmetrical way the address is 
written, Figure 3. 

Upon pressing the start button the tape begins 
to read the beginning point of the curve. This 
point is written with the commands PB = 0 and 
SS = 1. Thus the pen is up while the plotter is 
slewing to the beginning of the curve. On reach- 
ing null a start pulse is sent to the tape transport. 
The next point is read. Now PB = 1 so the pen 
drops. By storing code numbers in the computer 
subroutine it is possible to generate a pattern of 
ones and zeroes for PB so that solid, dashed, 
dotted, dot-dash, etc. curves can be drawn. Al- 
phanumerics can be conveniently written with 
appropriate subroutines. 

When the plot is completed, the last word has 
the stop command = 1 with XB and YB = 0. 
This combination of command bits energizes an 
annunciator panel controlled by bits stored in the 
positions reserved for the X and Y-coordinate bit 
positions. Some typical annunciator legends are: 
change paper, change to a different color ink, 
find next address and continue plot, carry out 
instruction (A, B, C .. .), change to point plot 
mode, change point plot symbol, and stop. 


If an automatic paper changing recorder is 
used, the last word is written with S = XB = YB 
= PB = 0 and SS = 1. This combination triggers 
the paper changing mechanism which then restarts 
the tape handler upon completion of its cycle. 
Automatic sequencing of the symbol changing 
mechanism is handled similarly with the address 
of the new symbol written in X or Y-coordinates. 


Plotting on strip charts 


Figure 4 shows a tape format for driving a 
two-pen strip chart recorder. Note that only 11 
bits are necessary to control each of the pen posi- 
tions since pen travel is limited to 10 in. 

The F. L. Moseley Co. Model 80A strip chart 
recorder has a unique feature which allows the 
paper position to be accurately incremented with 
a pulse. One inch of paper travel requires 120 
pulses. At 3 in. per sec tape speed and J = 1 for 
every word, the maximum paper speed is 0.832 ips. 

Being able to control paper speed with the / 
command bit means that an unusually accurate 
plot is possible. Limitations in pen servo dynamics 
are not significant so that the record can be “vio- 
lent” and not affect the plotting accuracy. 

Another advantage of having the paper drive 
under computer tape control is that the tape trans- 
port need not be accurate in speed as would be 
the case if the paper drive were a true time base. 
Also the paper can be returned to the origin for 
accurately positioned multiple plots. 

The magnetic tape controlled continuous plot- 
ting system can also generate arbitrary functions 
for analog computers or control machine tools. 
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Geum merohbtespetss 
General 
Electric’s 


New Line 
of 


* . ®@ Convection cooled to eliminate all moving parts 
Precision @ Unique “Constant Watts’’ circuit protects series transistors 
® Standard ratings from 1.5 to 100 V.D.C. up to 20 amps. 


Regulated Whatever your application, here’s a newly-designed 


series of precision regulated transistorized DC power 


e ° supplies—for better electrical performance. 
Transistorized . 


“Constant Watts” circuit protects against overloads, 


short circuits, misadjustments, line voltage variations. 
D¢< . Plug-in printed circuits and 25 percent fewer com- 


ponents increase reliability and reduce maintenance. 


Power Economically priced. Contact your G-E Sales Engineer 


for information, or write for Bulletin GED-4184, to Sec- 
tion 535-03, General Electric Company, Schenectady, N. Y. 
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The only industrial 
computer with 
alitomatic priority 
analysis after each 
instruction... . 


RCATI1 


Along with its “battleship” construction, ultra high- 
speed and maximum accuracy, the RCA 110 pro- 
vides a critically important control function not 
available in any other industrial control computer 
...it automatically responds to off limit or emer- 
gency situations and handles them on a priority 
basis . . . with a complete analysis of priority after each 
instruction! This eliminates the delay between the 
occurrence and the recognition of an emergency 
condition. 


Not only will the RCA 110 correct the most urgent 
situation first, but if more than one trouble-spot 
should occur at the same time, it automatically 
appraises the urgency of each and handles it in turn. 
Result— better control, programs are easier to write, 
memory space is conserved, and computer free time is 


automatically assigned to self-checking routines. 


From its very concept the RCA 110 was designed 
not as a “‘package”’ but as a total system—which 
can be tailored to the exact data control needs of 
each user. In making your feasibility studies we 
invite comparison with all other electronic industrial 
computer systems. 
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ELECTRONIC INDUSTRIAL 
COMPUTER SYSTEM 


For complete information write: Industrial Computer 
Systems Dept., Electronic Data Processing Division, 
RADIO CORPORATION OF AMERICA, 
21 Strathmore Road, Natick, Mass. 


COMPARE THESE PERFORMANCE SPECS 


Speed—including access time and staticizing, adds in 
56 microseconds, multiplies in 728, divides in 868. 
Instructions—one address (limited two address), 7 
indexable address modifier registers, 71 wired-in in- 
structions. Number System—fixed point, binary or 
binary coded decimal. 24 bit word length, word time 
28.89 microseconds. Working Storage—magnetic core, 
coincident current, variable in size from 256 to 4096 
words, 8 high-speed input-output registers, clock fre- 
quency 936 kilocycles. Bulk Storage— magnetic drum, 
3600 rpm, 4096 to 51,200 words, 8.3 milliseconds 
average access time, 200 kilocycle transfer rate, up to 
12 buffer tracks for input-output. Size—82” high, 34” 
deep, 105” long. Typical Power Input—5 kva, 220 volts. 


ena i 66 i ae 


The Most Trusted Name 
in Electronics 


® RADIO CORPORATION OF AMERICA 
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IDEAS AT WORK 


Two Ideas in Checkout Systems: 


1.Automobile Checker 
Controlled by 


35 mm Projector 


WESLEY PERRY, JR., McGraw-Hill News 


The Lincoln-Continental Div. of 
lord Motor Co., which reeently ex- 
tended its warranty from 3 to 24 
months, is now using a new electronic 
analyzer to check the ‘quality of the 
electrical systems in Lincoln-Conti- 
nental automobiles. Called EAGER 
Electronic Analysis GagER), the unit 
was designed by Performance Measure- 
ments Co. of Detroit. EAGER can 
check the entire electrical system of 
a Car against engineering specifications 
through programming with the use of 
35 mm film and a bank of photocells. 

A word description of the test to 


FIG. 2 


FIG. 1 


Automatic tests en Lincoln-Continental’s 


electrical system are initiated and recorded by operator 
according to instructions and results projected on screen 


be performed is projected on a glass 
screen to enable the operator to con- 
duct the test from the driver’s position 
in the car, see Figure 1. Light from 
one half of the projector beam passes 
through a dot pattern on the film, 
Figure 2, and is shunted through a 
prism onto selection matrices—silicon 
photocells—which feed into the transis- 
tor-diode decoding logic. The decode 
logic feeds directly to the printer and 
timer circuits and to relays in the 
shunt circuit of a servoindicating 
meter. The meter face is mounted 
just below the screen. Thus the photo- 


Typical frame from projector film shows binary coded 


test program (at right) which is read by silicon photocells 





Test 19 — lighter — front 
Code Defect 





{ Amperage drow hi 
2 Inoperative 
3 Ejects lote 
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cells tell the equipment what test is 
to be performed and automatically set 
delay cycles, amperage or voltage 
range, and other criteria for the test 
to be performed (see Figure 3) 

When the operator presses the test 
system start button, instructions are 
flashed on the screen. The film frame 
projects the specification limits for the 
test so that they are adjacent to the 
meter scale. 

If the operator is instructed to start 
the car, he does so. The coding de 
vice on the film strip activates wiring 
controls which measure the load placed 
on the battery by the starter, together 
with other desired data. The in- 
spector compares the indicated load 
to the specifications on the screen. He 
presses an “ok” or a “reject” button 
on the hand control unit to record the 
test result on a printed tape. This 
automatically brings the next inspec- 
tion step into operation. The machine 
measures performance in terms of the 
current or voltage span, the battery 
load, and the wiring and insulation 
resistances. A new model of the 
EAGER is being built which will ac- 
cept or reject individual tests auto- 
matically to eliminate possible judg- 
ment errors by the operator. 

About 50 tests. are currently pro- 
grammed and being performed by 
EAGER. It requires 12 to 15 min 
to perform all of them according to 
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TO THE ENGINEER 


who can’t tolerate a lapse of memory 
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If you’re working on a think machine that 
can’t afford to break its train of thought, 
consider AE’s pint-size, fast-stepping OCS 
switcher. Unlike electron tubes and relays, 
this sophisticated device won’t lose stored 
memory in the event of power failure or 
circuit interruption. 


Besides, it can do the work normally assigned 
to whole banks of relays. 


The AE Series OCS will follow or initiate a 
prescribed series of events or cycles at 30 
steps per second impulse-controlled, or 65 
steps per second self-interrupted. Any pro- 
gramming sequence can be set up on one to 
six cams with as many as 36 on-and-off steps 


per cam. And each cam will actuate as many 
as six contact springs. 


In any event, if your designs involve relays 
or stepping switches, AE circuit engineers 
may be able to save you a pretty penny. Or, 
if you’d like to leave the switching to us, 
we’re equipped to supply prewired and 
assembled, custom-built control units, or help 
you develop complete control systems. 


To explore the matter, just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1698-H : Rotary Stepping Switches; Circular 
1702-E: Relays for Industry; and our new 
32-page booklet on Basic Circuits. 
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FIG. 3. Photocells read film codes to set up printer, meter ranges, 
ind test circuits automatically. Projector is controlled by operator. 


Lincoln engineers who developed the 
concept of the device. With portable 
equipment, comparable testing would 
take several hours, but many of these 
tests have never been performed be- 
fore on a production basis. Five sim- 
ple connections attach the machine 


to the car at battery and distributor. 
The operator commands full con- 
trol of the 35-mm projector and film. 
A reverse button moves the film back 
a frame so a test can be repeated. If 
the reverse button is depressed for 5 
sec or more, the film rewinds to the 


2. Missile Checker Shows 
Percent of Tolerance Used 


ALEC DOIG, De Havilland Aircraft Co., Ltd., Hatfield, England 


ACORN, an automatic checkout 
and recording equipment for missile 
electrical systems, simplifies the 
tester’s job by displaying how much 
of the allowable tolerance on the se- 
lected input parameter has been uti- 
lized. The digital display shows the 
deviation of the measured parameter 
from its specified nominal value as a 
percentage of the assigned tolerance. 
This eliminates the normal conversion 
to tolerance values required in conven- 
tional checkout equipments which dis- 
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play actual measured voltages, 
rents, and frequencies. 

The principal used in ACORN 
simple. As shown in Figure 1, up to 
300 test points are led into normaliz- 
ing or scaling units. The output of 
each normalizer is a voltage corre- 
sponding to the deviation of the 
measured variable from its nominal 
value. A separate test routine selector 
programs the selection order of the 
input variables. Programming is sub- 
divided into four main routines, each 


cur- 


start of the strip. The dot pattern 
on the film centers the frame on the 
screen and is so arranged that the 
machine automatically stops at the 
end of the film strip. The circuitry 
is interlocked so that loss of the film 
disconnects the testing function. 


covering 88 channels. The main rou- 
tines can be further subdivided into 
eight minor routines, each comprising 
continuous blocks of channels already 
programmed in the main routine. 
lest routines are initiated by dialin 
a three-digit code or by an externa 
timer to give a continuous step-by-step 
run-through of the test points. Man- 
ual intervention allows initiation of a 
single test by inhibiting the routine 
until the end of the single test. 

The tolerance utilization is deter- 
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100X MAGNIFICATION OF A MOUNT. 
Each division .001 in. 


TubeXperience in Action 


Capillary ID size is checked under 100x magnification 


—yet this critical inspection is only 
1 of 3 used to check /D of Superior 
capillary tubing 

At Superior, in checking the ID size of capillary tubing we 
don’t rely on only one reading from our inspection micro- 
scope, we require four. Then we double-check in two other 
ways—one the use of a relatively simple plug gage, the other 
a comprehensive flow inspection to ascertain the average ID 
dimension. These inspections also give you assurance of a 


Syoerir 


free passage through the bore, uniformity of 1D surface and a 
satisfactory grain structure. 


Superior has spent years in the development of manufacturing 
processes and quality control procedures for the production of 
close tolerance capillary tubing. ODs range up to % in., 
IDs from .004 through .040 in. Analyses include Types 304, 
316, 321, 347 and 446 stainless; also Monel, Inconel, nickel 
and carbon steel alloys. Data Memorandum No. {1 gives 
complete details—let us send you a copy. Superior Tube 
Company, 2026 Germantown Ave., Norristown, Pa. 


fude 


All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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IDEAS AT WORK 


mined for each test point by standard- 
izing the normalizer output currents 
so that all deviations lie between 0 
and 50 microamp. This standard cur- 
rent range from a selected normalizer 
is compared with the output of a 100- 
step bidirectional staircase waveform 
generator. Each waveform step repre- 
sents 7sth of the normalized deviation 
current of the input parameter from 
its specified nominal value. Thus 10 
steps of the current generator from 
its midpoint represent the parameter’s 
maximum acceptable deviation. Toler- 
ince determination is then a matter of 
determining the count within the 
staircase generator. A dc chopper am- 
plifier detects parity between the devi- 
ation current and the generator cur- 
rent. With inputs to the amplifier 
greater than } of one step, the ampli- 
her drives the bidirectional generator 
to reduce this difference to less than 
+ of one step. When achieved, the 
clock circuit driving the generator is 
inhibited. 

Readout of the decimal state of the 
generator then provides the tolerance 
utilization of that test parameter dli- 
rectly. Neon character tubes indicate 
the sign of the tolerance utilization 
and the amount in a two-digit display. 
When the value is the nominal speci- 
fied, the display reads 0.0. Variations 
between plus or minus five times the 
parameter deviation are displayed 
readings between minus 5.0 and plus 
5.0. Two lamps provide the PASS 
FAIL indication. The FAIL lamp 
lights on the ninth generator step 
when the input parameter is greater 
the 0.9 times its specified tolerance 
from the nominal. 

Ihe generator decimal output is 
also serialized to give a printout record 
on a solenoid operated typewriter. On 
test routines the typewriter records 
the starting time of the routine and 
the test routine code number, followed 
by the channel numbers and the test 
results at a rate of one channel a sec- 
ond. On single test operation the 
typewriter records the start time of 
the test and the channel code num- 
ber, and on completion of the test, 
the test result. Off-limit results are 
printed in red. 

The equipment can be operated 
either from a control panel on the 
main cabinet unit, housing the pro- 
gramming panels, input normalizers, 
memory stores, and staircase generator, 
or from a small remote control console 
carrying the test result display and 
dialing unit. For small space uses tests 
can be eontrolled from a portable box. 
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FIG. 1. Simplified block diagram of ACORN 
checkout system with logic for tolerance 


utilization display shown shade 
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FIG. 2. Main cabinet of De Havilland’s ACORN system. 


Test routines are programmed on patch panels at bottom. 
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CONDENSED DATA ON LT SERIES 


LT 1095M (with meters) 0-32 VDC, 0-1 AMP $315 
LT 2095M (with meters) 0-32 VDC, 0-2 AMP 395 
LT 1095 (without meters) 0-32 VDC,0-1 AMP 285 
LT 2095 (without meters) 0-32 VDC, 0-2 AMP 365 


MODEL 
LT 1095, LT 1095M 
LT 2095, LT 2095M 


VOLTAGE BANDS 


0-8, 8-16, 16-24, 24-32 
0-8, 8-16, 16-24, 24-32 


Regulation: Line: Better than 0.15 per cent or 20 millivolts (whichever 
is greater). For input variations from 105-125 VAC, Load: Better 
than 0.15 per cent or 20 millivolts (whichever is greater). For 
load variations from 0 to full load. 


AC Input: 105-125 VAC, 50-400 CPS. 


Ripple and Noise: Less than 1 millivolt rms. 
Ambient Tempercture: 50°C—continuous duty. 
Remote DC Vernier: Provision for remote operation of DC Vernier. 


Remote Sensing: Provision is made for remote sensing to minimize 
effect of power output leads on DC regulation, output impedance 
and transient response. 

Size: 

LT 1095 3%” Hx 19” W x 14%” D 
LT 2095 3%” Hx 19” W x 14%” D 


Convection cooled—no internal blowers 
to wear out. 


Guaranteed for a full 5 years. 


Compact. 1, 2, and 5 Amp only 312” high, 
10 Amp 7” high. 


Ambient temperature 50°C. 


Excess ambient thermal protection. 

Special, high purity foil, hermetically sealed long-life 
electrolytic capacitors. 

Hermetically sealed transformer designed to MIL-T-27A. 
Remote sensing and DC vernier. 


CONDENSED DATA ON LA SERIES 


LA 50-03AM (with meters) 
LA100-03AM (with meters) 
LA 50-03A 
LA100-03A 


0-34 VDC, 0- 5 AMP $425 
0-34 VDC, 0-10 AMP 540 
(without meters) 0-34 VDC, 0-5 AMP 395 
(without meters) 0-34 VDC, 0-10 AMP 510 


MODEL VOLTAGE STEPS 
LA 50-03A, LA 50-03AM — 2, 4, 8, 16 and 0-4 volt vernier 
LA100-03A, LA100-03AM — 2, 4, 8, 16 and 0-4 volt vernier 


Regulation: Line: Better than 0.15 per cent or 20 millivolts (whichever 
is greater). For input variations from 100-130 VAC. Lead: Better 
than 0.15 per cent or 20 millivolts (whichever is greater). For 
load variations from 0 to full load. 

AC Input: 100-130 VAC, 60 + 0.3 cycle. This frequency band amply 
covers standard commercial power lines in the United States 
and Canada. 

Ripple and Noise: Less than 1 millivolt rms. 

Ambient Temperature: 50°C—continuous duty. 

Remote DC Vernier: Provision for remote operation of DC Vernier. 

Remote Sensing: Provision is made for remote sensing to minimize 


effect of power output leads on DC regulation, output impedance 
and transient response. 


ze: 
LA 50-03A 344”H x 19” W x 14%” D 
LA100-03A 7” Hx19” Wx 14%”D 


SEND TODAY FOR COMPLETE DATA. 


LAM BDA ELECTRONICS CORP. 


11-11 131 STREET e DEPT. 4 
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Argus’ Pegboard Stores 
Program In Ferrite Plugs 


M. W.GRIBBLE, Ferranti Ltd. 


Manchester, England 


he prime criterion for process con- 
trol computers is extreme reliability 
rather than flexible programming. ‘The 
fact that programs are infrequently 
changed in process computers (also 
true for microprogrammed instruc 
tions and interrupt subroutines in data 


pairs of conductors when a current 
pulse is applied to the other pair. 
Figure 2 shows the form of this 
storage system used on Argus. Sixteen 
20 x 15 in. printed circuit trays can 
each store 64 instructions of 24 bits. 
Drive circuits using two rows of cight 
channels are printed on the underside 
of each card. Diode matrices decod« 
the drive pulses into 64 drive loops 
running left to right on cach card 


Visible on the top of cach card at 
right angles to the drive circuits is a 
27 x 64 printed matrix. Plug holes 
ire located at each intersection be- 
tween the top and bottom patterns. 
Each of the 64 steps is programmed 
by inserting l-mm ferrite plugs. In 
the 24-bit word 12 plugs give the ad 
dress, three specify the accumulator, 
six are for function description, and 
three for modifiers. 


processing systems) allows the use of 
nonerasable fast-access semipermanent 
stores. Ferranti’s “Argus” transistor- 
ized process control computer uses 
such a program store. 

Argus is a fixed point binary ma- 
chine with a modified two-address 
der code of over 50 instructions 
using 12 or 24-bit word lengths. It 
includes six accumulators, of which 
three can be used as modifiers. - Serial- 
parallel operation gives an addition 
time of 20 microsec for 12-bit num- 
bers, including 4-microsec access time, 
and multiplication in 100 microsec. 

Up to 1,024 word blocks can be pro- 
grammed on a unique noncontacting 
semipermanent mutual inductance 
plugboard. The program cannot be 
iccidentally erased or written over. 
Ihe basis of the system is that the 
mutual inductance between two pairs 
of parallel conductors in parallel planes 
is zero if the conductor-pairs cross at 
right angles. But this is only true in 
1 medium of uniform permeability. 
If a small ferrite rod is inserted in the 
rectangle bounded by the intersection 
of the two conductor pairs (see Fig- 
ure 1) an emf is induced in one of the 
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FIG. 1. 

Ferrite coupling plug 
provides noncontacting 
link between 
conductor pairs 


FIG. 2. 

Semipermanent nonerasable 
program is stored by 
manually inserting 

ferrite plugs as shown 


(he new “Leicina’” movie camera by Leitz of Wetzlar, 
W. Germany, uses an adaptation of a moving-coil ammeter 
to control film exposure automatically. Light falling on a 
photoresistor alters its resistance to change the current passing 
through a moving-coil instrument system. Two aperture 
blades are attached to two moving coils. Hence the position 
of the aperture blades varies in proportion to the amount of 
light entering the exposure control lens. 

The iris diaphragm between the meter lens (exposure con- 
trol lens) and the photoresistor is used for setting for film 
speeds between ASA 6 and 400. An aperture scale and meter 
pointer appear in the viewfinder. An overdrive device is pro- 
vided for making manual adjustment at any time. When a 
manual setting is made, the exposure meter accepts this as 
the reference point, varying the exposure around this value as 
subject brightness increases or decreases. 
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WITH THE BENDIX 
G-15 COMPUTER YOU CAN 





D 





THERE IS NO NEED TO DELAY that 
important decision to install a com- 
puter. At a low initial investment... 
without adding special personnel or 
facilities, you can start now to pro- 


vide your firm with the money-saving 
speed and precision of proven electronic computation. @ And you 
can inaugurate your computer program with the foreknowledge that 
the G-15 can be easily expanded, easily adapted to your computational 
growth...without re-programming, without awkward modifications. 
You know from the beginning that your G-15 will be able to 
easily assimilate the full range of input-output devices— paper tape, 
punched cards and magnetic tape, in addition to special code conver- 
sion, printing and graphic output units...all proven in a wide 
variety of applications. Simplified, minimum-cost application expan- 
sion is made possible by an extensive library of Bendix routines and 
automatic programming systems. @ Thus, with equal efficiency, the 
G-15 has served a one-man company and corporations of many thou- 
sands. More important, that one-man company has grown to a team 
of 47—still economically served by an enlarged G-15 system. @ These 
facts point to the practical economy and ease of initiating your data 
processing program...moving from a low cost basic G-15 computer 
to a powerful, integrated medium-scale system, capable of spanning 
the full range of scientific and commercial applications. They make 
clear that there is a G-15 system to match your data processing 
requirements... starting now. 


For application information write: 


Bendix Computer Division 


DEPT. W-28, LOS ANGELES 45, CALIFORNIA 
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Differential Cam Follower Controls 
Pneumatic-Hydraulic Actuator 


A. M. FUCHS and K. ZEUNER 
Boonshaft & Fuchs, Inc. 


Much of industrial control is rooted 
in 3 to 15-psi pneumatic hardware of 
high accuracy and reliability. But low 
response speed, inadequate position 
resolution, and excessive reaction to 
changes in load force may be encoun- 
tered in such systems as force levels, 
strokes, and actuator speed require- 
ments increase. 

A pneumatic-hydraulic positioning 
system has been designed which pro- 
vides high power-level positioning 
capability for pneumatic control sys- 
tems, Figure |. The actuator is a 
complete closed-loop system in which 
the feedback signal is generated by a 
position-to-pressure converter which 
combines flexibility with high accu- 
racy, resolution, and speed-of-response. 

The position-to-pressure converter, 
ligure 2, uses a cam to convert the 
cvlinder stroke to a standard motion 
of about | in. The cam permits direct 
application of the converter to amy 
stroke length and permits generation 
of nonlinear functions relating output 
position to the input signal for the 
pneumatic-hydraulic positioner. 

The l-in. cam output is followed 
by a pair of spring connected arms 
whose separation is proportional to 
the dimension across the cam. The 
pair of arms eliminates almost all of 
the effect on the converter output of 
spurious sidewise motions of the cam. 


One arm supports a nozzle which 
is connected in turn to the air supply 
line through a fixed orifice. It also 
carries a plate to which the flapper is 
connected. The other arm is spring 
connected to the flapper. A force bal- 
ance is established between the spring 
tension and the pressure of the air in 
the nozzle on the flapper. 

Thus as the cam dimension in- 
creases, the arm separation increases, 
the spring tension increases, and the 
pressure in the nozzle increases until 
a force balance is achieved between 
the spring force and the pneumatic 
force. The pressure developed is a 
linear function of force. At the force 
levels of 4 to 1 Ib used, vibration is 
largely eliminated because of the light 
weight of the parts and because of 
their orientation in line with the out- 
put moton. 

Because the volumes are small and 
the parts light, this converter has a 
very high frequency response (over 25 
cps). It has demonstrated a resolution 
of over 1 part in 2,000. This high 
resolution is essential to stable over- 
all positioning and to realizing the full 
potential of the actuator. 

Error (difference between the input 
3 to 15-psi command and the feed- 
back signal generated by the converter) 
is sensed by a pair of diaphragms. The 
diaphragms are flexure connected to 
the input arm of a force-balanced hy- 
draulic amplifier. As in the converter 
the error sensor is a force balance 


natic-hydraulic actuator for process control 


unique position-to-pressure converte: 


Feedback signol 


T. 


system in which plus or minus 15 Ib 
is available. The force-balanced hy- 
draulic valve requires less than 4 Ib for 
full output. Most of this input force 
is linearly related to output flow. In 
the null position it introduces no 
error, and at constant output velocity 
only a small amount to velocity errors. 

Two stages of hydraulic amplifica- 

tion are included. Units with 5, 10, 
and 20 gpm output flow capability 
3,000 psi oil supply, 1,000 psi valve 
drop at rated flows) have been built, 
ind designs are available to 400 gpm 
or approximately 750 hp). 

The over-all frequency response is 
typically down 3 db and lagging 90 
deg at 3 to 7 cps. System linearity is 
approximately 2 percent and the reso- 
lution is 1 part in 2,000 of full scale. 
Load sensitivity is less than 0.1 per- 
cent for load changes of 50 percent of 
full load. Output velocities can be as 
high as 10 in. per sec and output force 
is not limited by the actuator system. 

Saturation in the control loop oc- 
curs only in the output stage and is a 
velocity limiting characteristic. All of 
the other equipment is in its linear 
ange when the output is not velocity 
imited. This feature simplifies the 
problem of simulating this actuator 
since the response is the same for large 
valve motions as for small ones. 

Pneumatic-hydraulic actuators can 
upgrade the positioning capability of 
key control valves to derive the full 
benefit from computer-control 
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(ots, NEW 

Kt ity KLM 
COMMODITY 
RATES — 
AS LOW 


AS 30¢ (rad 
PER POUND xg 


Now only 30¢ speeds your shipment to Europe! Virtually the same rate as , 
surface freight keeps your inventory low—buys you overnight service, 
daily freighter flights, famous KLM care. Charter a special KLM 


freighter and you pay even less! New low rates also to the WY 
East, Middle East, Far East and Africa. Call your cargo agent or 
nearest KLM office. KLM, 609 Fifth Ave., New York, ay. Y. 


126 CIRCLE 126 ON READER SERVICE CARD CONTROL ENGINEERING 








NEW PRODUCT 
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VOLTAGE DIVIDER offers 15-bit accuracy. 


This rugged Model RVDM-305 relay-operated voltage 
divider features an absolute accuracy and resolution of 
within 0.003 percent over its full service life. The unit 
incorporates premium JRL precision resistors and carefully 
chosen relays. Its design reduces the disturbing effects of 
leakage currents, contact resistance, and contact potential 
to provide a generous margin of safety under all condi- 
tions. A very short response time (under 15 millisec 
makes the device suitable for keyboard or high speed 
paper tape or card operation. 

All components are accessible and mounted on a heavy 
glass-epoxy card 3} in. wide by 7} in. long.—Julie Research 
Laboratories, Inc., New York, N. Y. 


Circle No. 309 on reply card 


NEW RATE GYRO uses 1/2 watts for spin. 


Called the Talisman, this new subminiature rate gyro 
offers some interesting design improvements. Its damping 
is entirely disassociated from the volumetric compensator 
so that density changes in the damping fluid do not affect 
performance. As temperature ranges from minus 54 deg 
C to plus 84 deg C, the change in damping is onlv from 
0.5 to 0.9 times critical. 

Total maximum power consumption of its tiny spin 
motor is only 14 watts as compared to 34-44 watts for 
comparable gyros. Unit operates on 26-volt, 400-cycle 
power.—Instrument Div., Lear Inc., Grand Rapids, Mich 

Circle No. 310 on reply card 
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TINY AIR SWITCH weighs under 2 oz. 


Just 14 in. long by 4 in. in diam, this miniature air 
switch may be used to replace electrically operated switch- 
ing devices where convenience or safety warrants the 
change. Designed especially for use in pneumatic circuits 
where only a very low actuating force is available, the 
switch uses a simple magnet for actuation 

he cross-sectional sketch below the photo shows the 
unit in its deenergized position. Bleed port F is held open 
by the action of the compression spring C on the crank arm 
L,. When the magnet M attached to some moving member 
passes close to crank arm P, the arm pivots compressing 
spring C, closing bleed port F, and causing the output 
pressure to increase until it equals the input pressurc 

As a limit or proximity device the switch can be used to 
actuate remote position indicators or counters. [t can be 
coupled directly to relay valves in cutoff and sequential 
circuitry. It can also be used for the remote indication of 
valve stem position in process control systems. Available 
from stock, unit sells for approximately $25.—Associated 
Control Equipment, Inc., Coraopolis, Pa. 


Circle No. 311 on reply card 
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Tally punched 
tape readers 
and perforators 
require less 
input and 
output logic. * 





THEY CUT COSTS 
IN ANY PUNCHED 
TAPE SYSTEM 


On only one asynchronous 
command, your Tally reader 
will static read, advance with- 
out reading in either direction, 
or simultaneously read and ad- 
vance. It will read 5, 6, 7 or 8 
channels without modification. 


Perforators operate asynchro- 
nously up to 60 characters per 
second. Oil mist lubrication cuts 
noise. Standard equipment in- 
cludes remote controlled tape 
back-up. 

Tally engineers specialize in 
punched tape processing equip- 
ment offering the most complete 
line available. Special tape read- 
ers, perforators, reader perfora- 
tor combinations, tape consoles, 
and associated equipment are 
available from one source. 
WRITE FOR COMPLETE TECHNICAL DATA 
Full information on Tally readers 
and perforators is yours for the 
asking. Please address Dept. 21. 


TALLY 


REGISTER CORPORATION 
1310 Mercer Street Seattle, Washington 


“Integrity in Tape” 
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DATA HANDLING 
& DISPLAY 


X-Y RECORDER 


An electric pen lift allows this X-Y 
recorder to plot points, trace family 
curves, and perfom rapid nonrecording 
pen indexing. The recorder can be 
tied into the test circuitry or operated 
with a manual control box. For easy 
loading the pen is automatically in- 
dexed awav from the chart area. Each 
axis has its own power supply, 
attenuator, and zero control. Either 
axis may use amplifiers available with 
10 mv/in. and 1 mv/in. sensitivity. 
Pen speed for both axes is 74 ips with 
crror of only 4 percent. Prices: $670- 
770.—Houston Instrument  Corp., 
Ilouston, ‘Tex. 


Circle No. 312 on reply card 


GENERATES BINARY CODE 


[his device converts analog data in 
the form of shaft position angles into 
a digital output represented by a coded 
pattern of electric signals. By chang- 
ing the drive systems, timing motors, 
or accessory equipment, the generator 
can be adapted to manv requirements. 
Units now in production are basically 
binary time coded. All models are 


available open, closed, or sealed; with 
digital or clock face readout; and with 
manual or electric adjustment. Prices 
start at $100—A. W. Haydon Co., 
Waterbury, Conn. 

Circle No. 313 on reply card 


LOGIC DISPLAYS 


Alphanumeric computer and data dis- 
play applications for recently an- 
nounced electroluminescent _ panels 
have now been demonstrated. The 
panels are suitable for low cost visual 
readout and can also perform memory 
functions in digital systems. Among 
the devices that have been made are 
1 bistable memory plane, binary to 
decimal and decimal to binary con- 
verters, and both OR and AND logic 
elements.—Svlvania Electric Products, 
Inc., Sub. of General Telephone & 
Electronics Corp., New York, N. Y 

Circle No. 314 on reply card 


OPTICAL READING HEAD 


lor systems using perforated tape as 
the memory, this optical reading head 
is said to provide improved signal to 
noise ratio. Including time base, 
reading speed is 10,000 characters pet 
sec. A 10-volt tungsten lamp requir- 
ing 6-7 volts is the light source. Dual 
beam focusing, concident circuits for 
signal comparison, and a mechanical 
clock offset hole svstem can be incor 
porated into the unit. Manufacturers 
report successful operation in compu 
ter applications. Base price: about 
$1,200.—Par Products Corp., Santa 
Monica, Calif. 


Circle No. 315 on reply card 


rAPE-TO-CARD CONVERTER 


Basically a block tape reader and de- 
coder, this completely solid state 
svstem consists of the manufacturer’s 
I'vpe 55 tape-to-card converter and a 
standard IBM summary punch. A 
block tape reader, a decoder, storagé 
matrix, interlocking control relays, 
necessary manual controls, and power 
supplv make up the functional com- 
ponents. Speed is 100 cards per min, 
and block length is 22-44 digits, 5-8 
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. and eliminate limit switching problems under explosive conditions. Tested and 


certified “‘explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 





So SE Cae 


designed for use in the mining, chemical, process industries . . 
National Acme’s dependable SL2 “‘Machine Life” Limit Switches, the 
SL2X also offers ... a variety of cam arrangements for extreme opera- 
. ample overtravel (67°) and by-pass (90°) . . . light 


ting flexibility . . 
operating pressure (12% Ibs. at 1%” radius). Get all the details on this new 
standard of limit switching dependability and safety. Call, write or wire. 


. anywhere explosions cannot be tolerated. Latest of 


Acme #: 


sicnetettaainiaiaimaias, | iibeaaatiaal aieain en tea. 
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t . t t channels. Size is 33 x 24.5 x 53.5 in. 
WIN con Te with an input power needed of 105 
120 volts, 60-cycle, § amp. Cost: 


f Y : i n i atu re a ee Corp., No. 
| Hollywood, Calif. 
|B] ony .\ Ome alo) e)ol-la- 


Circle No. 316 on reply card 


ele 


MINIATURE RECORDER 


So small that nine can be mounted in 
1 sq ft of panel space, this recorder 
is able to record any variable that can 
be converted into an electric signal. 
Inputs as low as 10 microamps are 
fed without amplification directly to 
the meter movement. A stylus records 
the input on a 3-in. diam chart of 
pressure sensitive paper. Principal 
applications are said to be with labora- 
tory and portable equipment that can- 
not use recorders of conventional 
size. Price: between $150 and $200. 
Instrument Div., Thomas A. Edison 
Industries, McGraw-Edison Co., W. 
Orange, N. J. 

Circle No. 317 on reply card 
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10-KEY DATA INPUT 


No outside technical assistance is 

needed to integrate this direct entry 

data input device into any system. 

The unit shown has five control keys, 

: . but up to 30 can be accommodated; 

Write for Catalog 515-8 | | a 10-key keyboard is standard. Indi- 
cator lights are available. It is applic- 

| able to remote operations and can be 
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End-of-line clipper 


Clipper tube is connected 
across the far end of the 
pulse-forming network in 
series with a resistive load ey CLIPPER | 
whose value approximates . TUBE | 
the network impedance. When 
the clipper tube is triggered, 
the pulse-forming network 
terminates in its characteristic 
impedance thereby reducing 
the inverse voltage to zero. 




















Positive protection 
against destructive 
voltages with 
Tung-Sol Clipper 


Thyratrons 


line-type radar modulators require clipper protection 
against excess inverse voltages, which can destroy costly 
components. and increase equipment downtime. Clippers 
also perform valuable circuit service by regulating pulse 
amplitudes and reducing switch tube loading. 

But until Tung-Sol developed these high-reliability hy- 
drogen-filled clipper triodes previously used clipping de- 
vices brought some serious disadvantages to the job. 

Now, however, you can be sure of perfect clipping ac- 
tion when you design Tung-Sol clippers into your equip- 
ment. More rugged and less costly than solid state devices, 
more efficient with a much lower dynamic impedance than 
vacuum clippers, and faster acting and more resistant to 
arc-back than gas diodes, the new Tung-Sol thyratron 
clippers are designed and built to deliver uncompromised 
performance. 


The low “firing” voltage and the ability to carry large 
peak currents make these hydrogen clipper thyratrons 
ideal for this application. These tubes also feature hydro- 
gen reservoirs which promote long life by providing an 
automatic mechanism for replenishing hydrogen lost by 
“cleanup”. 


Circuit requirements are simple whether the Tung-Sol 
thyratrons are used as “end of the line” clippers, “across ts we 
switch” clippers or “tail biters’’. . 


Write for complete technical details on the new 7454 
and 7455 Clipper Thyratrons. Tung-Sol Electric Inc., 
Newark 4, N. J. TWX:NK193. 





Technical information available through ATLANTA, GA.; COLUMBUS, OHIO; CULVER CITY, CALIF; DALLAS, TEXAS; DENVER, COLO.; DETROIT, MICH.; 
IRVINGTON, N. J.; MELROSE PARK, ILL; NEWARK, N. J.; PHILADELPHIA, PA.; SEATTLE, WASH. IN CANADA: ABBEY ELECTRONICS, TORONTO, ONT. 
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FIVE YEAR 


(ACTUAL SIZE) eS) 


. 
« BSERIES 300 





MMER PERFORMANCE 


THE ONLY SQUARE TRIMMING POTS WITH OVER 2,000,000 UNITS DELIVERED 


Daystrom SQUARETRIM potentiometers may look like the many 
square configuration copies which have been flooding the indus- 
try in recent weeks, but they are different. This difference is in 
their outstanding performance, reliability and broad-line avail- 
ability. Daystrom has had five years to develop, produce and 
field-prove the features of the SQUARETRIM potentiometers, so 
whatever features are important to your application, you can 
be sure that there is a Daystrom SQUARETRIM to meet your most 
exacting requirements. 

The proof that Daystrom delivers what it promises can be 
found in over 2,000,000 Daystrom SQUARETRIM’s which have 
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been placed into customer operation since 1955. It costs no 
more to be sure, so when you are ready to order trimming 
potentiometers, contact your nearest Daystrom Representative 
or Distributor for immediate delivery. Or you may write the 
factory direct for Data File CE 1350-2. 


1 aim, 
[oaystRom ,» INCORPORATED 
1 mee 


POTENTIOMETER DIVISION 
Archbald, Pennsylvania * CAnal 6-3300 (New York, N.Y.) 


THERE ARE MORE 


DAYSTROM SQUARETRIM's © 


IN THE FIELD TODAY 
THAN ALL OTHER SQUARE 
TRIMMING POTS COMBINED 


Here’s why... 


Because engineers want to be sure of 
the basic design, more of them look to 
the originator of the square-shaped 
trimmers. They look to Daystrom when 
specifying this kind of potentiometer. 


Because they want to be sure of per- 
formance and reliability, more designers 
look to Daystrom for their sQUARE- 
TRIM’s. They know they can trust 
Daystrom specs. They appreciate the 
conservative ratings, and they have full 
confidence in the greater safety margin 
that such ratings afford. And they can 
be sure that Daystrom SQUARETRIM’s 
will go on meeting application require- 
ments with the same high reliability 
that has been proven by the 2,000,000 
units that have seen field service over 
the past five years. 


Because engineers want to be sure of 
availability, they like the convenience 
of doing business with two complete 
factory sales and stocking offices—one 
on each coast. They know that from 
these two factory offices and Day- 
strom’s 23 representatives and many 
stocking distributors from coast to 
coast, they can expect to obtain the 
exact SQUARETRIM’s to meet their needs. 
They know they are selecting from the 
broadest line of square-shaped trim- 
ming potentiometers available today 
when they specify the Daystrom 
SQUARETRIM line. 


That is why more knowledgeable 
designers looking for trimming poten- 
tiometers specify Daystrom SQUARE- 
TRIM—they want the best...and the 
best is easiest to get. 


For more information or a complete 
file listing the entire SQUARETRIM line, 
contact your nearest Daystrom Repre- 
sentative or Distributor, or write the 
factory direct. Ask for Data File 
CE-1179-2, 


SERIES 303 


SERIES 318 


POTENTIOMETER DIVISION 
ARCHBALD, PENNSYLVANIA 
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NEW PRODUCTS 


used with punched or magnetic tape 
and cards. Price for the model shown: 
$245. Clary Electronics Div., Clary 
Corp., San Gabriel, Calif. 

Circle No. 318 on reply card 


PLUS 


(319) Facitape, a Swedish computer 
accessory, marketed in the U. S. by 
North American Aviation Inc., 
Downey, Calif., has solid state com- 
ponents and uses unique capacitance 
readers to duplicate tape, read tape, 
or both. (320) Priced at $633 
per channel, this Model 3735 elec- 
tronic multiplier from Systron-Donner 
Corp., Concord, Calif., offers single 
quadrant multiplication and squaring 
with error of 0.01 percent. . . . (321) 
F. L. Moseley Co., Pasadena, Calif., 
has announced a transmissibility plot- 
ting system that automatically Ee 
ratios of two voltages against a third. 
Circle Nos. 319, 320, or 321 

on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


PROGRAMMED RELAY TESTER 


By immediately presenting relay test 
results visually and recording them 
on a printer, this testing unit allows 
correction of process deviations before 
too much scrap is generated. The 
system converts absolute measure- 
ments into cellular form. Eight 
parameters are measured, and accept 
or reject information is presented by 
the readout. A self-contained unit, 
the tester is programmed by standard 
punched tape which directs the type 
and sequence of tests. Performance 
limits are inserted on punched cards. 


The device can also be adapted to 
test other components.—General Elec 
tric Co., Schenectady, N. Y 

Circle No. 322 on reply card 


TESTS MODULES 


The completely self-contained Model 
1300 B is designed to test the manu 
facturer’s complete line of transistor 
ized digital system modules. Th« 
tester provides all standard signals for 
verifying correct operation, including 
three standardized waveforms; all 
supply voltages; variable loads and 
check of margin, sensitivity, and fre 
quency. No oscilloscope is needed 
for most checks since single-pulse gen 
erator and output monitor meter arc 
used. Price:. $995.—Navigation Com 
puter Corp., Philadelphia, Pa. 
Circle No. 323 on reply card 


DATA SIMULATOR 


Electric signals simulate high preci- 
sion synchros, resolvers, generators, 
and other transducers in this device 
called a Dator data simulator. It is 
claimed to test many types of analog 
systems with an accuracy greater than 
most transducers. The illustrated unit 
simulates a 26-volt, three-wire synchro 
transmitter at increments of 5 deg 
from 0 through 360 deg. For simple 
operation there is one-knob control. 
Price: $285.—Angler Industries, Metu 
chen, N. J. 

Circle No. 324 on reply card 


WIRING ANALYZER 


Up to 6,000 circuit assemblies are 
checked for current continuity and 
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sTemelele 
ROLLS 


WITHOUT 
A DISH 





... her conscientious workmanship watches over 


RECORDING CHART RELIABILITY 


“Dish” occurs at the core end of a roll chart wound 
with incorrect tension. It means loose winding — 
and can lead to trouble. 

Lois Deinhart, one of GC’s experienced rewind 
operators, helps prevent this trouble from ever 
occurring. Here she is operating one of a battery 
of high speed precision rewind machines that roll 
strip charts to the exact length and tension required. 
Inspection by Lois and other skilled operators allows 
only perfect rolls to pass for shipment. 

Because of special equipment and specially 
talented people, GC has become the world’s largest 
manufacturer of recording charts—producing rolls, 
for instance, for virtually every make of strip chart 
recording instrument on the market. Over 70 differ- 


RECORDING 
CHARTS 


134 CIRCLE 134 ON READER SERVICE CARD 


ent types of cores are available, each suited to the 
requirements of a specific instrument. End of roll 
indicators can be provided for visual, mechanical or 
electronic alarms. 

GC’s stock catalog lists over 15,000 different 
types of circular, strip and rectangular charts. We 
also design and produce special purpose charts to 
fit your most exacting needs. 

More than 5,000 chart users have come to rely 
on GC Recording Charts for accurate, dependable 
performance—chart after chart—year after year. 
In fact, GC Charts must be good to sell so well for 
so long. Try them yourself! Let us send you our 
complete Stock List, and sample charts for one of 
your instruments. 


Distributed by: 

TECHNICAL SALES CORPORATION 
189 Van Rensselaer St., Buffalo 10, N. Y. 
A Subsidiary of 

GRAPHIC CONTROLS CORPORATION 
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EVERY USER OF 
OSCILLOGRAPHS 


should have this 
FREE PORTFOLIO 


= 


ee rn ns 


This portfolio, yours for the asking, 
tells eight ways you’ll benefit by 
standardizing on GC direct-writing 
charts. It holds a sheaf of samples 
to give you the “‘feel’’ of the ultra- 
smooth, specially milled paper on 
which GC Charts are printed. On 
the back is a handy guide for order- 
ing the GC direct-writing charts 
that will meet your needs. 

For unique convenience, you can 
place a single order for a whole 
year’s supply of GC direct-writing 
charts specifying periodic ship- 
ments to meet your needs. Right 
now, get the complete story. Write: 


RECORDING 
CHARTS 








Distributed by: 


TECHNICAL SALES CORPORATION 
A Subsidiary of: 


GRAPHIC CONTROLS CORPORATION 
ro——-— Use This Coupon -—-——4 
| TECHNICAL SALES CORPORATION 
189 VAN RENSSELAER ST. Dept. CE 
BUFFALO 10, NEW YORK 
Please send me your new portfolio of infor- | 
mation and samples of GC direct-writing | 
charts. No charge or obligation, of course. i 
Name____ 
Firm 


Address 
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leakage on this automatic wiring an- 
alyzer. IBM cards corresponding to 
the circuit being tested control the 
tests. Each circuit requires a card, 
with 60 cards processed every minute. 
Cards are automatically classified as to 
type of circuit failure after completing 
their test cycle. Leakage failures are 
pinpointed by recycling the trouble 
cards. Leakage locator lights indicate 
exactly which wires are faulty in the 
circuit—Hughes Aircraft Co., Culver 
City, Calif. 

Circle No. 325 on reply card 


LOAD SIMULATOR 


All the controls and _ instruments 
necesssary to perform test dynamic 
loading and stroking on devices having 
force vs displacement or force vs veloc- 
ity characteristics are contained in 
this Model 550 control console. Both 
external programming by tape and 
cyclic programming through a func- 
tion generator are possible. Load and 
position can be read and controlled. 
Dynamic readings, made by oscillo- 
scope, have an error of only +3 per- 
cent. Under static conditions error 
is only +] percent.—Pegasus Labora- 
tories, Inc., Berkley, Mich. 


Circle No. 326 on reply card 


RECTIFIER TESTER 


Shown above is the new Model 164, 
a 200-amp dynamic test sct that can 


evaluate simultaneously the character- 
istics of four silicon rectifiers in a full 
wave circuit. Unit consists of two 
power supplies: a low voltage, high 
current supply for forward character- 
istics and a high voltage, low current 
supply for reverse characteristics. Sim- 
ulation of actual operating conditions 
is achieved by switching the two on 
alternate half-cycles. Panel meters 
(1-percent error) indicate peak forward 
voltage drop, average forward current, 
reverse voltage, and average reverse 
current. Price: $11,525.—Wallson As- 
sociates, Inc., Elizabeth, N. J. 

Circle No. 327 on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


ACCURATE RESOLVER 


Accuracy of 10 sec of arc is said to suit 
this pancake resolver for use in stable 
platforms of inertial guidance systems. 
Its repeatability is to within 2 sec. 
Integral bearing design allows direct 
gimbal mounting. Either the primary 
or secondary member can be rotated 
with the other member fixed. Beryl- 
lium or aluminum housings are avail 
able. — Reeves Instrument Corp., 
Sub. of Dynamics Corp. of America, 
Garden City, N. Y. 

Circle No. 328 on reply card 


LINEAR TRANSDUCER 


Available separately or in combination 
with a panel meter or meter relay, this 
transducer converts a linear position to 
a signal read on a meter, more simply 
and economically than a lvdt. The 
signal need not be amplified. The de- 
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Friden makes 
desk calculator that 
does this automatically 


The Friden Model SRW is the only 
calculator in the world that extracts 
square root at the touch of a key. 


Because it does, a tedious, time-con- 
suming job becomes as easy (and as 
quick ) as entering the radicand, fixing 
the decimal point, reading the answer. 
Because the time it saves generally belongs to high-priced people, 
the SRW will pay for itself even if used only a few times a day for 
square root. (The Model SRW is also a complete desk calculator 
in its own right, with all of Friden’s time-saving features. ) 
Call your local Friden Representative for a no-obligation, ten-minute 
demonstration. Or write: Friden, Inc., San Leandro, California. 
THIS IS PRACTIMATION: automation so hand-in-hand with 


practicality there can be no other word for it. © 1961 rriven, ine 


@ |riden 


SALES SERVICE AND INSTRUCTION 


THROUGHOUT THE U s AND WORLD 


CIRCLE 136 ON READER SERVICE CARD 





| NEW PRODUCTS 


vice is best suited to measuring devia- 
tions of a few thousandths of an inch 
from mechanical null. Meter calibra- 
tion is one mark per in., accuracy is to 
within +0.0002 in., and reproduci- 
bility is to within +0.0001 in. Maxi- 
mum readout speed is one per sec. 
Price: $95 for transducer with panel 
meter, $215 for transducer with con- 
tinuous reading meter relay.—Assembly 
Products, Inc., Chesterland, Ohio. 
Circle No. 329 on reply card 


Ep 


MERCURY MEASUREMENT 


This new mercury filled measurement 
system consists of a Bourdon tube 
element that plugs into any of four 
positions of the manufacturer’s re- 
ceiver/recorder, and a_ self-compen- 
sating capillary tube. Plain or coiled 
bulbs attached to the capillary tube 
sense temperatures from —39 to 
+1,200 deg F. These temperatures 
may be transmitted along the capillary 
tube for as long as 200 ft with am- 
bient error of 4 percent per 200 deg 
F per 100 ft.—Bailey Meter Co.. 
Cleveland, Ohio. 


Circle No. 330 on reply card 


SPRING DRIVEN GYRO 


The rate gyro shown above is spring 
driven, designed for applications where 
immediate, short term data monitor- 
ing is required. Operating speed is 
reached in 100 millisec after firing by 
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Norden converters eliminate external electronics, simplify 
circuitry by non-ambiguous, self-selecting brush design 


Unique Norden self-selecting V-scan pattern translates 
analog input into digital electrical representation by 
means of self-contained, non-ambiguous, dual brush- 
selection logic. This Norden design 


» offers the only shaft position encoders to qualify 
under MIL-E-5422D and MIL-E-5272A. 


simplifies total system design and reduces cost. 
. has provision for automatic error-monitoring. 


has precision brushes, fewer components and unam- 
biguous output assuring highest reliability. 


saves space . . . ideal for subminiature techniques. 


permits direct parallel readout accurately following 
the shaft position even at highest shaft speeds. 


» has longer life because no load current-carrying brush 
ever commutates; insulation of only 19% of disc 
area minimizes brush wear and insulation dust. 


rebn 
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TOTAL COUNT 


MODEL NO. 


REVOLUTIONS | (1 PART IN) 


PER COUNT ACCURACY 





ADC-ST7-BNRY 2? 


1 128 





ADC-13-BNRY 218 


64 8192 





ADC-19-BNRY 219 


4,096 524,288 





ADC-ST8P-BNRY - 
(with parity) 


256 





ADC-ST9-BNRY 2° 


512 





ADC-ST10-BNRY Sd 


1024 


These Norden self-selecting V-Brush encoders fit a 
wide variety of applications. For complete specifica- 
tions and drawings, call Norwalk, Connecticut, TEmple 
8-4471. If your requirements demand special variations, 
Norden engineers will work out a custom design. 


UNITED AIRCRAFT CORPORATION 
NORDEN DIVISION 


NORWALK, CONNECTICUT 
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Where 


actuating control 
and precision 
are paramount 


—like in a giant 
supersonic 
- wind tunnel 


—or a precision 
nateldalial-mcore)| 


| 


you'll find 
BEAVERS” 


BEAVER ball screws are specified 
by engineers around the world for 
control of motion. Compressing 
solid steel wind tunnel walls, 1600 
feet square against inconceivable 
pressures and holding error to 
.008"’ in an 8 foot stroke—or ex- 
treme accurate 3 dimension posi- 
tioning of numerically: controlled 
machine tool are. all ‘naturals’ 
for this equipment. 


Can your product be 
made more efficient 


a with Beaver Ball Screws? 
| Write forditerature. 
= 


Qeaver 
Drecision 
§ Droducts 


NEW PRODUCTS 


solenoid actuated release. Chief ad- 
vantage over electric motor powered 
units is low cost and low power re- 
quirement (0.2 watt-sec). Price in 
production quantities: about $450. 
Humphrey, Inc., San Diego, Calif. 


Circle No. 331 on reply card 


FOR AIR CONTROL 


Designed for a specific purpose—to 
transmit the position of control sur- 
face actuators to an automatic flight 
control system—this transducer con- 
verts mechanical shaft input to pre- 
cise linear electrical output when 28 
vac is applied. Backlash has been 
held to 6 min max. Weighing only 
9 oz, the compact unit measures 14 
in. square by 3 in. high. The device 
will operate in ambient temperatures 
of 85 deg C continuously or of up 
to 100 deg C intermittently. Shaft 
inputs up to 50 deg can be accepted, 
and the linear transformer returns to 
EZ within + 3 min of arc.—Clifton 
Precision Products Co., Inc., Drexel 


Hill, Pa. 
Circle No. 332 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


TWO-BIT SWITCH 

Chough for size comparison, a quarter 
will cover it, the manufacturer of this 
switch claims it has all the reliability 
and performance characteristics of a 
Guabity ray. The hermetically sealed 
siwitcn 1s essentially a relay with the 
«ils removed. The difference is that 
ais switch is operated mechanically 


BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag -and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 


ANY DIAMETER OR TRAVEL 
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EXTREME ACCURATE POSITIONING 
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vy pushbutton instead of electromag- | a CLAWSON, MICH. 
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netic force. Minimum number of 
operating cycles: 50,000. Rated load 
28 vde and 115 vac.—Leach Corp., 
Relay Div., Los Angeles, Calif 


Circle No. 333 on reply card 


BOUNCE-FREE SWITCHES 


Designed to eliminate spurious volt 
age pulses caused by contact bounce, 
four new switches include a compact 
circuit package along with the mc 
chanical switch to produce a bounce 
free device. The switches were devel 
oped for use in high speed equipment 
that operates in less than a microsec 
ond. Outputs of the four devices are 
positive or negative for resistive loads 
of 100-500 ohms or over 500 ohms, re 
spectively. ‘The circuit package can 
be furnished with a variety of the 
inanufacturer’s pushbutton or toggle 
switches or separately for use’ with 
spdt switches. Price: in the $20 range. 

Micro Switch Dziv., Minneapolis 
Honeywell Regulator Co., Freeport, 
1] 


Circle No. 334 on reply card 


CAM LIMIT SWITCH 


These plug-in rotating cam limit 
switches can be applied to any oper 


ation where there is shaft rotation. 
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DIGITAL DISPLAY DOES THE WORK OF 


ACTUAL SIZE 


NEW KEARFOTT DIGISTROBE* DISPLAY 


Kearfott’s new, highly compact Digistrobe digital display 

utilizes the stroboscopic principle to produce an exceptionally 
high-definition readout in the actual size shown here. 

Through the use of a unique shutter arrangement, a single 
diode-encoding matrix is shared by all columns (5 in the standard 
model), resulting in substantial savings in electronic components 
and circuitry. The fast response time of the Digistrobe 

(56 milliseconds transition from one five-digit quantity to a totally 
different one) permits a single unit to sample several different inputs 
on command through an input selector switch. Up to 15 
individual displays of existing types can thus be replaced 

by a single Kearfott Digistrobe! 


Incorporating only two moving parts and exclusively solid-state 
switching circuitry, the Digistrobe has extremely long life expectancy 
and requires minimum maintenance and service. Operation 

is directly from the output register of a computer, counter or 

allied equipment, eliminating the cost of intervening circuitry. 

Two years of extensive laboratory tests assure compliance 

with Kearfott’s rigid standards of quality. For complete data 

and specifications, write for Digistrobe bulletin. 


*Kearfott Trademark 
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SENSITIVE | 
SENTINEL 


; a good description of the Barton 257 differ- 
antial pressure indicating switch. Accurate, 


esponsive, easy to read and infinitely depend- 


ible, the 257 is ideal for energizing alarm 


jits when limits of flow, level, or differential 
are exceeded. Like many Barton in- 


ents, the 257 D.P. 


cart the rupture-proof dual bellows Barton 


switch has as its 


ter body— proved beyond doubt to be 


rinest 


the field. For new standards of 


uracy and dependability in your measure- 


and control instruments, look to the 


r— buy BA Rion. 


BARTON INSTRUMENT CORPORATION e MONTEREY PARK, CALIFORNIA 
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Circuits can be disconnected or re- 
moved for maintenance because the 
switcher’ plug-in snap receptacles are 
permanently wired to the screw ter- 
minals. By adjusting a single screw 
and rotating the cams, a continuous 
range of open and closed circuits 1s 
obtained between 8 and 360 deg. ‘Th« 
spot switch contacts are available in 
NEMA Type 1, 4, 7, 9, and 12 en- 
closures with from 2’ to 24 circuits. 
Current rating is up to 15 amp at 115 
vac. Optional features include reset 
mechanism for one revolution clutch 
operation, special mounting brackets, 
and a built-in gear reducer. Price for 
NEMA ‘Type ‘, four-circuit switch 
$165.—_Gemco Electric Co., Detroit, 
Mich. 

Circle No. 335 on reply card 


a. 


om 
©@ 


DICE-SIZED RELAY 


As shown above, these Dice-Cube 
spdt relays are 4-in. cubes, allowing 
a component density of 13,824 per 
cu ft. Long or short leads for printed 
circuits or hook terminals for standard 
wiring are available. Terminals are 
arranged to fit standard 0.100 grid 
spacing with one pin offset for keying. 
Rating is from dry circuit to 1 amp 
resistive.—Hi-G, Inc., Windsor Locks, 
Conn. 


& 


Circle No. 336 on reply card 


PLUS... 


(337) An indicating temperature con- 
trol made by United Electric Controls 
Co., Watertown, Mass., features two 
separate switches that permit switch 
action above or below the index point 
and control of up to four independent 
circuits in a temperature range of 
—150 to +650 deg F. . . . (338) 
Differential pressure switch designed 
by F. W. Dwyer Mfg. Co., Michigan 
City, Ind., for low pressure ranges is 
tamper proof, weather proof, and ex- 
plosion wonile (339) Photoswitch 
Div., E tronics ‘Corp. of America, 
Cambridge, Mass., has made available 
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a transistorized photoelectric control 
package that operates on light im- 
pulses as short as 0.015 sec at 20 ft. 
Circle Nos. 337, 338, or 339 

on reply card 


POWER SUPPLIES 


SOURCE UNIT 


Chis unit of the NoBrush line of var 
iable frequency sources has a standard 
frequency range of 380 to 420 cycles 
with a voltage variable between 105 
and 125 volts. Input is three-phase, 
60-cycle; output is three-phase, four- 
wire, 5 kva. No regulator or exciter is 
necessary. Manually adjustable var 
iable ratio pulley drive and auto- 
transformer allow any combination of 
voltage and frequency within the ma 
chine’s range. Units with higher volt- 
age ranges and frequency up to 1,000 
cycles are also available. Georator 
Corp., Manassas, Va. 

Circle No. 340 on reply card 


TOLERATES SHORTS 


The SC100-1 is a transistorized power 
supply featuring sealed construction, 
remote programming, and_ variable 
current limiting. Designing as a power 
source for automatic test equipment 
and instrumentation systems, it has 
a regulation to within 0.5 percent for 
load changes, 0.2 percent for line vari- 
ations, and external control of output 
current within its range regardless of 
load. Ripple is 250 microvolts rms. 
Continuous short circuits can be tol- 
erated. The previous current values 
return when the short is removed. The 
100-volt, 100-ma output is continu- 
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SHOWN FULL SiZE 


HIGHLY ' 
RELIABLE 


SHAFT POSITION-TO-DIGITAL CONVERTERS 


Kearfott’s rugged shaft position-to-digital converters are 
resistant to high shock and vibration and high and low 
temperature environments. Ideally suited for missile appli- 
cations, these converters are available for many uses, 
including latitude, longitude, azimuth or conventional! 
angular shaft displacement conversion and decimal count 
conversion. Exclusive drum design provides large conver- 
sion capacity (typical unit 2!5) in smallest available size. 
Combination counter-converter assemblies for both visual! 
and electrical readout also available. 


Kearfott P1241-11A P1240-11A Y1240-11A Y1241-11A U1240-11 
Unit No. (425856-1 423879-1) (428646-1) (428645-1) 
Code C.B. (Gray) B.D. B.D. B.D. 
No. of Drums 5 3 3 2 
+-)0to(+-)999 
Range 0-32,768(215) (—)999to(-)0 0 to 359.9 0 to 359 


Bits per 
Revolution 16 20 40 40 


Revolutions 
for Total Range 100 90 9 


Total Number 
of Bits 360 


Volts D.C 23 23 23 
Current (ma.) 20 20 20 


Inertia (gm 
cm.2) (2 28 158 104 


Unit Diameter 

(in.) )? 1's 1", 
Unit Length 

in.) 2X, 1%, 
Life ° 106 revolutions or — 103 hours 
Static Torque 2 (break) 

(in.-02.) “4 1 (running) 5 1.0 1.0 
Weight (oz.) 5 4 7.75 5.75 
Maximum 

Speed (RPM) 600 400 300 300 


Operating 
Temperature 
Range (°F) —65to+200 -65to+350 -65to+350 -65to+350 -—65 to +350 


Shock (g's) 15 15 15 15 
Vibration In accordance with MIL-E 5272A, Procedure 1 


(1) B.D. (Binary Decimal), C.B. (Cyclic Binary) (3) Under recommended conditions 
(2) Inertia measured at maximum trip (4) At room temperature. 





Write for complete data 
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Now you can mount 


CLARE 


BILLION- 
OPERATION 


RELAYS 


on your own 
printed circuit 
board 


Typical Clare mercury-wetted relay 
steel-enclosed modules for 
circuit-board mounting. From top: 
HGSM Relay Module, HGM Relay 
Module, HGPM Relay Module. 
Epoxy molded Relay Modules are 
also available. 


| 
Mercury-wetted contact relays, steel- 
Y } enclosed and ready for mounting on your 
| | own assembly line, give you Clare 
fs) 
| 


reliability in operation, combined with new 

ease of application and handling. Clare 

HG and HGS relays have test records of 

over 10 billion operations, without 

q maintenance or change in characteristics. 

\ In these new modular cases, they’re sturdy, 

magnetically shielded, easily replaceable. 

Choose either the standard Clare HG 
relay, or the HGS—super-fast and super- 

tii sensitive. You’ll gain extra convenience 

I and increased component-density with 





these Clare Relay modules. 


Each relay contains one or more of these magnetic 
switches. Mercury-wetted contact surfaces are 
continually wetted by capillary action; they never 
bounce, never get dirty, never weld, and 

never wear out. 


Get Bulletin CPC-8 for detailed specifications, character- 
istics, dimensions: Ask your Clare representative, or address 
C. P. Clare & Co., 3101 Pratt Bivd., Chicago 45, Illinois. In 
Canada: C. P. Clare Canada Ltd., 840 Caledonia Road, 
Toronto 19, Ontario. Cable address: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Control Components 


CIRCLE 142 ON READER SERVICE CARD 


NEW PRODUCTS 


ously variable and can be grounded on 
the positive or negative side. Price: 
$220 in quantities of 100.—Mid-East- 
ern Electronics, Inc., Springfield, N. J. 

Circle No. 341 on reply card 


HIGH CURREN'| 
Power supply Model 4025 delivers 4 
amp ac or 3 amp de with less than 
1 percent ripple. Output voltage 1s 
0-150 vac or 0-200 vde. An isolation 
transformer protects the unit from 
line voltage. Output impedance 1s 
15 ohms: recovery time is 30 millisec 
for half-current step changes. Device 
measures 8 x 9 x 12 in. and weighs 
35 Ib. Price: $149.95 complete or 
$125.38 less meters.—Eder Engineer 
ing Co., Inc., Milwaukee, Wis. 

Circle No. 342 on reply card 


RAPID RESPONSE 


hese transient-free power supplies 
have a response time of 10 microsec. 
All models use a dual-differential am 
plifier which minimizes drift. Current 
gain is | million, voltage gain is 10,000 
but phase rotation is only 180 deg. 
Regulation against load and line vari- 
ations can be held to 100 parts pet 
million. These solid state devices have 
output range of 0 to 150 volts, max 
current of 30 amp. Minimum war- 
ranty is for 5,000 hr. Price of repre 
sentative model (32 volts at 10 amp): 
$695. Power Devices, Inc., Los An 
geles, Calif. 

Circle No. 343 on reply card 
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CONVECTION COOLED 


A swing-open back permits easy serv- 
icing of this compact (34 in. high, 
rack width) transistorized power sup- 
ply. Convection cooling eliminates 
blowers, giving the unit a rating of 
24-hr operation at 50 deg C ambient. 
Thermal overload protectors, circuit 
breakers, and fuses guard the equip- 
ment. The complete unit is guaran- 
teed for 5 years.. The 5-amp model 
costs $395; the 10-amp device, $510. 
Meters are $30 more.—Lambda Elec- 
tronics Corp., College Point, N. Y. 
Circle No. 344 on reply card 


0.1% LINEAR 
OUTPUT OVER 
TEMPERATURE RANGE 


SIZE 11 DC TACHOMETERS 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


These Kearfott DC tachometers are unusually durable and 
specifically designed to provide reliable service over a 
long life. R9608-001 is an uncompensated unit ideally 
suited to function as a stabilizing element in a standard 
DC servomechanism. The R9608-002 model offers the pre- 
cision required in computing applications and is tempera- 


ture compensated to maintain its high accuracy over the 
temperature range of —15°C to +71°C, with variations 


of no more than .1% of values specified at 25°C. 
BRITISH MOTORS 


[hese hydraulic motors, made in Eng- 
land and now available in the U. S., 
can be coupled directly to conveyors, Guteet teats 
winches, rolling mills, or similar equip- 1500 rpm) 
ment that requires high torque at low Rated Speed 
speeds, There are two models. A 


R9608-001 R9608-002 


7 (typical) 2 
5-30 available 


- (rpm) 3600 
seven-cylinder unit operates at a con- 
tinuous torque of 6,600 ft-lbs with 
peaks to 10,000. Speed is from 0 to 
75 rpm. The five-cylinder model 
ranges from 0 to 100 rpm with a 4,600 
ft-lb continuous torque and peaks of 
7,000. In both models a control valve 
regulates the direction of rotation.— 
Double A Products Co., Sub. of 
Brown & Sharp Mfg. Co., Man- 
chester, Mich. 

Circle No. 345 on reply card 


PNEUMATIC VALVE 


Up to 178 percent greater conduct- 
ance is claimed over other gate valves 
by the manufacturer of this new series. 
\vailable in nominal 2, 4, and 6-in. 
openings, they are cast as a single unit 
to avoid gasket leakage or outgassing 


JANUARY 1961 


TYPICAL 
ELECTRICAL 
DATA 


TYPICAL 
MECHANICAL 
DATA 


Write for complete data 


<> 


Linearity 
(% to 3600 rpm) 
Winding Resis- 
tance (ohms) 
Output Impedance 
(ohms) 
Ripple Voltage 


Friction Torque 
(in. oz.) 

Rotor Moment 
of Inertia 
(gm-cm?) 

Weight (0z.) 


07 
125 
aa 36 


% above 2.5% at 
100 rpm 3600 rpm 


0.25 
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PERFORMANCE + RELIABILITY - COMPACTNESS + PRECISION 
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Kidde Ballscrews now in production include these ranges: 
SIZES—%e to 1% inches (dia.), 1%e2 to-8 inches (thread length). 
WORKING LOAD —30 to 2000 Ibs. 

TEMPERATURE —minus 65°F to plus 840°F. 

PRECISION ~— lead error of 0.0003 inch/ft. 

Kidde ballscrews have a minimum amount of backlash and friction, per- 
form functions demanding rapid reversibility of heavy loads. These abilities 
make them suitable for an extremely wide variety of applications in air- 
craft, missiles, and ground support equipment, including their use in aero- 
dynamic surface controls, steering mechanisms, nuclear scram rod controls, 
and radar scanning drives. For more information ask for Brochure A-28. 


Kidde Aero-Space Division 
Walter Kidde & Company, Inc., 117 Main St., Belleville 9, New Jersey 


District Sales Engineering Offices: Boston, Mass. * Dallas, Texas * Dayton, Ohio « Huntington, L.J., N.Y. | 
St. Louis, Mo. * San Diego, Calif. » Seattle, Wash. * Van Nuys, Calif. * Washington, D. C. 
Walter Kidde-Pacific, Van Nuys, California * Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 
The words ‘Kidde’, ‘Lux’, ‘Inflatair’ and the Kidde seal are trademarks of the Walter Kidde & Company, Inc. 
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near the flow path. The valves may 
be used with operating pressures down 
to 10° mm Hg. Bodies are vacuum 
cast aluminum for minimum porosity. 
A gasket end plate permits easy valve 
removal for cleaning or converting to 
another type of operator.—Consoli- 
dated Vacuum Corp., Rochester, N. Y. 

Circle No. 346 on reply card 


SUBFRACTIONAL HP MOTOR 


xtra heavy broached nonslip gears, 
positive-locked high tensile bearings, 
and a double-action brake are saic| to 
make this electric motor maintenance 
free for many years. A thermal over- 
load divide cuts out the motor in 
the event of operating unit, malfunc- 
tions. Speedway Motor Div., Thor 
Power Tool Co., LaGrange Park, Ill. 

Circle No. 347 on reply card 


HIGH POWER MPA 


This new mechanical power ampli- 
fier model can amplify the output 
of a 1/30-hp low powered servomotor 
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to 4 hp. Continuous power is pro- 
vided over a 50 to 1 speed range with 
greater ranges available. External cool- 
ing circulates oil throughout the hous- 
ing to give continuous hp ratings. 
Minimum maintenance is needed. 
There are no critical assemblies or 
adjustments. Servomotor output is 
said to be amplified in such a way 
that the MPA functions as a high 
powered servomotors. Price $2,300.— 
Electronics Div., Seneca Falls Ma- 
chine Co., Seneca Falls, N. Y. 

Circle No. 348 on reply card 


PLUS. . . 


(349) A self-contained, miniaturized 
servo-synchro repeater that features a 
transistorized power supply and am- 
plifier has been placed on the mar- 
ket by Orbit Instrument Corp., Syo- 
sett, N. Y., at prices varying from 
750 to $1,250... . (350) The Avionic 
Div. of John Oster Manufacturing Co., 
Racine, Wis., has introduced a % in. 
diam timer motor designed to with- 
stand 8,000 g axial shock and 500 g 
transverse shock. . . . (351) A life ex- 
pectancy 20-100 times greater than 
that of conventional motors is claimed 
for a brushless transistorized motor de- 
veloped by Eastern Air Devices, Inc., 
Sub. of Crescent Petroleum Corp., 
Tulsa, Okla. 
Circle Nos. 349, 350, or 351 
on reply card 


COMPONENT 
PARTS 


BUILDING BLOCK KIT 


Various logic operations can be tested 
and demonstrated with this basic selec- 
tion of building block logic circuit 
packages and accessory equipment. 
The kit can serve as a classroom aid 
or as laboratory apparatus. Included 
are up counters, down counters, four- 
bit shift registers, subtractors, and 





RAMBLINGS ON 
INSTRUMENTATION 


My Pilgrimage 


to Poopley 


POOPLEY-ON-SLOUGH, 
NUTTINGSHIRE, U.K. 


| The sight from my window as I write, 
| dear colleagues, is one to warm the 


cockles of any instrument-oriented 


| heart. As you have already guessed 


from the dateline, yours truly is at one 
of the great shrines of Science, famous 
Poopley, where the first British Ther- 
mal Unit made its appearance some 
178 years ago. 

The tiny village is little changed ex- 
cept today, on the exact site where the 
Event took place, stands a modest mon- 
ument built from contributions of BTU 
buffs the world over. 


When the tram pulled into Poopley 


| yesterday my first act was to ask a rus- 
| tic villager where the Monument was. 


A proud light kindled in his eyes. 
“Aye, mon, it’d beein’ oe’r there’n 
mought ’nuff ’erg,’”’ he told me, tugging 
his forelock. (Learned later the chap 
was game-keeper at the old Chatterley 


| place.) I hurried off to find someone 
| who spoke English. Eventually I found 
| the Monument. 


There, flanked by fluted columns, 
was the Flame, the undying flame that 
heats the Calibrator, producing the 
standard British Thermal Units that 
are distributed by the thousands 
throughout the Free World. Before it, 
a smallish man with a walrus mustache 
was peering fixedly. Col. Gideon W. 
Belcher himself, Keeper of the Flame 
and walking encyclopedia of BTU lore! 

Reverently, the Colonel displayed 
the key to the entire operation, a Hays 
BTU Meter chronicling with rhythmic 
monotony the beautiful precision of the 
thermal units being generated in the 
Calibrator. The Colonel removed his 
Homburg and I followed suit. Bare- 
headed, we stood in the flickering light, 
watching the lovely, fluid movements 
of the recorder pen, its graceful Palmer- 
method scallops mirroring BTUs at the 
point of sheerest perfection. It was a 
moment for posterity. 

The Colonel blew his nose. ‘“‘Wizard 
device, that,’’ he rumbled. ‘“‘Linear rec- 
ord of flow, Delta T and BTU all on 
the same chart!” 

‘*Plus integration of BTU’’, I 
breathed. 


“Quite. Remote flow transmitter. 
Resistance bulbs. Good show! Can’t 
afford less on this job, you know. If the 
BTU ever went to pot I shudder to 
think!” 

Later I listened raptly as the Colonel 
told of his harrowing experiences as 
Keeper of the Flame; such as the night 
a gaggle of Scottish Nationalists made 
an abortive attempt to blow it out . . . 
that touchy time when a Russian sci- 
entist declared the superiority of Iron 
Curtain-type thermals. (The Colonel 
caned the bounder thoroughly and the 
lights burned late on Downing Street 
that night, I tell you.) 
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Sketched from life at Poopley, shrine 
of the British Thermal Unit. 


Well, twilight is descending on dear 
Poopley, chaps, and I haven’t even 
touched on the preparations going for- 
ward for the 178th Anniversary Cele- 
bration. May I only say you will be 
proud when you see the newsreels. 


Finances, unfortunately, are a 
thorny problem. I am sure none of you 
would want the Celebration to be less 
than a rouser. Need I remind you that, 
with each purchase of a Hays single- 
case BTU Meter, we make a substan- 
tial contribution in the purchaser’s 
name to the Committee for Everlasting 
Maintenance of the British Thermal 
Unit. 

So, dear colleagues, start the New 
Year selflessly. Buy a Hays BTU Me- 
ter, for yourself and a friend. Your gen- 
erosity will be gratefully acknowledged 
by Col. Belcher himself. 


TAS 


President 





many others. All logical interconnec- THE HAYS CORPORATION e MICHIGAN CITY, INDIANA 
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Holtzer-Cabot Solves Fractional H.P. Motor Problems 


HOLTZER-CABOT 


MOTOR DIVISION 
National Pneumatic Co., Inc., Boston 19, Mass. 


146 


12 MONTHS 
CONTINUOUS OPERATION 
at ambients up to 176 F. 


A leading instrument manufacturer*, had the problem 
of continual motor failures after 2 to 3 months service 
in an instrument which required a minimum of one year’s 
continuous duty in maintained ambients up to 80°C. 
(176° F.) 

The thermostated, infra-red instrument in which the 
motor was to be used, required a 24-hour stabilizing 
period, dictating that no maintenance be performed. 

To solve this problem, engineers from both the instru- 
ment company and from Holtzer-Cabot cooperated in the 
development of a motor with increased radiation area, 
plus reduced power input. This resulted in a motor tem- 
perature rise of only 20°C. as compared with 35° C. in the 
motors formerly used. 

To provide positive lubrication, grease reservoirs were 
provided outside the bearing and a long-life stable grease 
suitable for high temperature was selected. 

The result was a motor which has now been in success- 
ful operation for over 12 months without any motor 
failure or trace of bearing wear. 

* Name on request 

Write for Information! Holtzer-Cabot specializes in the design 
and manufacture of fractional horsepower motors for 
all types of applications. For complete details on Holtzer- 
Cabot motors for specific applications, and a copy of 
“Key Factors in Selecting AC Motors for Instrument 
Service” write direct or use Readers Service Card. 
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tions are made on the graphic front 
panels by stacking banana-jack patch 
cords. ‘The unit can be expanded 
with other fully compatible equip- 
ment. Price: $1,038.—Digital Equip- 
ment Corp., Maynard, Mass. 

Circle No. 352 on reply card 


TINY DIFFERENTIAL 


Added to a line of single spider gear 
differentials is this #s-in. model which 
gives extremely good accuracy in addi- 
tive and subtractive operations while 
functioning with minimum friction 
and backlash. Working circle for the 
device is 0.585 in. in diam, and the 
unit weighs just 4 oz with typical end 
gears. Minimum breakaway torque is 
0.07 oz-in.; maximum lost motion is 
20 min of arc. Unit is priced at about 
$60.-Components Div., Ford Instru- 
ment Div. of Sperry Rand Corp., 
Long Island City, N. Y. 

Circle No. 353 on reply card 


VERSATILE HEADS 


Up to 20 channels per in. can be re- 


corded simultaneously or tape or drum 
using this new series of basic in-line 
magnetic heads. Either analog or 
digital applications can be accommo- 
dated with six compatible track for- 


CONTROL ENGINEERING 





mats: track widths, 0.020-0.050 in.; 
track spacing, 0.050-0.140 in.; 7, 8, 
13, 14, and 20 channels per in.; tol- 
erance to + 0.002 in. Colinearity of 
leading and trailing edges of gaps is 
held to within + 50 microin. in the 
head stack. Price: $50-75 per channel. 
Brush Instruments, Div. of Clevite 

Corp., Cleveland, Ohio. 
Circle No. 354 on reply card 


UNIVERSAL SWITCHER 


'ruly universal is the manufacturer’s 
description of these high speed switch- 
ing clements for use in digital logic 
networks. Their unique design allows 
these modules to form all major build- 
ing blocks required for digital systems. 
ach half of the individual elements 
functions as a four input decision ele- 
ment of NOR or NAND logic. 
Modules can be connected together 
to provide eight-input units, flip-flops, 
delays, counters, and _ shift registers. 
Reliable operation at 5-Mcps input 
repetition rates is possible.—Tele-Dy- 
namics Div., American Bosch Arma 
Corp., Phila., Pa. 

Circle No. 355 on reply card 


CIRCUIT SUBSTRATES 
Small Mykrov (glass-bonded mica 
slabs with leads molded in position 
and surfaces lapped to a 10-microin. 
finish make up these newly announced 
circuit substrates. Smooth surface, 
rigidity, and high resistivity (5 x 10° 
ohms per cm) make this material par- 
ticularly suitable for substrates. ‘The 
manufacturers also have a_ process 
which deposits 0.0005-in. thick copper 
conductive circuits in the holes and 
surfaces of the slab. Price for repre- 
sentative model in quantities of 500: 
$2.—Flectronic Mechanics, Inc., Clif- 
ton, N. J. 

Circle No. 356 on reply card 


3 Ae 


(357) Newly developed at Magnetic 
Controls Co., Minneapolis, Minn., is 
a line of miniature solid state propor- 
tional amplifiers for controlling up to 
100 watts dc in temperature controls. 

358) Hagan Chemicals & Con- 
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ELIMINATE 


MATHEMATICAL 
COMPUTATIONS... 


W &T PRECISION 
MERCURIAL MANOMETERS 


Simple knob adjustment eliminates 
temperature and gravity corrections. For- 
get about indexing the mercury well for 
each reading. W&T’s specially graduated 
manometer scale automatically compen- 
sates for well level depression. 


The Wallace & Tiernan 
FA-187 mercurial manom- 
eter also gives you: 


* Accuracy 1/5000 

* Range 0 to 31.5” Hg or 
equivalent 

* Readings to 0.005” Hg 

* Magnifying eye piece 
for exact reading 
Magnetic vernier elimi- 
nates meniscus reading 
Specially calibrated 
scale 


Use the W&T mercurial ma- 
nometers as calibrating 
standards for absolute pres- 
sure or easily modify them 
to perform as barometers, 
differential or vacuum in- 
dicators. 





For further information, 
write Dept A-128,28 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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PRECISION SIZE 5 MOTORS 
NOW AVAILABLE FROM STOCK 


Available for immediate delivery, these miniaturized Bendix® motors 
(type number CK 1066-40-Al1) are designed for applications where 
space and weight requirements are at a minimum. So small that four 
can be packaged in a square inch, these motors are ideally suited for 
missile instrumentation and similar miniaturized applications. The 
motor has a tapered shaft; however, units may be obtained with other 
type shafts and with center tapped control windings. 


TYPICAL MOTOR AVERAGE PERFORMANCE CURVES 
CHARACTERISTICS 
Voltage any 
Fixed phase. . Pee 
Control phase. . 
Frequency 
Stall Current* 
Fixed Phase. . 
Control Phase 
Stall Impedonce* 
Fixed Phase. . . 260 = 184,54+-J183.5 ohms 
Centrol Phase. .260 = 184.5+J183.5 ohms 
Stall Power Input* (Total)... ..... 3.69 watts 
Spall TRPAUO «sis: 2 visndraesons 0.138 oz.-in, 
No Load Speed 
Torque-to-inertia Ratio 44,400 rad /sec? 
(Stall Acceleration) 
Operating Temperature 
Oath cs ss ch acd ene — 55°C. to +70°C. 
WEE SS ono io a kan ek es os 0.88 oz. baer eee 


*With rated voltage applied to each phase. TORQUE IN OUNCE INCHES 





TROUT 


Va PEW PuaeE 


“YOVAC watts 























For information on these motors— 
or similar motors in sizes 8, 10, 11, 15, 
20, and 28—vwrite: 


Kclipse-Pioneer Division Ry. 


Teterboro, N. J. 


District Offices: Burbonk, and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and i. i “Seas D. Cc. 
Export Sales & Service: Bendix international, 205 E. 42nd St., New York 17, N. Y. 
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NEW PRODUCTS 





trols, Inc., Pittsburgh, Pa., has an- 
nounced a converter at $225 that 
converts a de electrical signal into a 
Sosa signal with over-all accu- 
racy to within 0.5 percent. . . . (359) 
New transistorized voltage comparison 
amplifier from Non-Linear Systems, 
Inc., Del Mar, Calif., combines favor- 
able sensitivity, range, and impedance 
with $950 price tag. 
Circle Nos. 357, 358, or 359 
on reply card 


ACCESSORIES 
& MATERIALS 


FOR SPECTROPHOTOMETER 


The Datagraph is an attachment for 
the manufacturer's Model DU spec- 
trophotometer which prints wave- 
length and transmittance information 
directly on preprinted sheets or strip 
charts. Several samples of transmit- 
tance at one or more wavelengths or 
a complete spectrum can be plotted. 
The printer can be attached to the 
spectrophotometer in a few minutes, 
and there is no decrease in the basic 
accuracy of the spectrophotometer.— 
Connecticut Instrument Corp., Wil- 
ton, Conn. 


Circle No. 360 on reply card 


CLEANS MAGNETIC TAPE 


Automatic cleaning of magnetic re- 
cording tape is made possible with a 
new cleaner which operates at high 
speed (0-300 fpm) and complete 
safety. Nonflammable, nonexplosive 
solvents are used. Once tape is in 
place and the solvent tank filled, the 
machine automatically completes all 
operations, including automatic shut- 
off. Cleaners#for 3, 1, and 2-in. tape 
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are now available. The price of the 
last is $6,575.-Computer-Measure- 
ments Co., Sylmar, Calif. 

Circle No. 361 on reply card 


TRAINS IN LOGIC 


Versatile and easy to use, the TDC 
digital logic trainer provides instruc- 
tion and demonstration aid for train- 
ing in digital circuit operation, logic 
design breadboarding, and testing digi- 
tal circuits. Front panel is made up of 
50 prewired digital circuits with sym- 
bols for identifying input-output con- 
nections and functions. Connections 
are made with pin jack jumpers. 
Trainer without power supply is 
priced at $1,795.—Components Div., 
Epsco, Inc., Cambridge, Mass. 

Circle No. 362 on reply card 


RELAY CONVERSION KIT 


Standard relays of the manufacturer's 
PM line can now be modified to meet 
many switching requirements with a 
color-selective conversion kit. Replace- 
ment are made by putting together a 
relay from some of the 30 conversion 
kits available. Each kit has a color 
code which identifies the use of each 
component. By keeping a number 
of conversion kits on hand, the user 
can reduce relay inventories but still 
have material for many types of stand 
ard and nonstandard relays. — Clark 
Controller Co., Cleveland, Ohio. 
Circle No. 363 on reply card 


PLUS... 


(364) A word counter operating at 60, 
75, or 100 wpm, which measures mes- 
sage trafic on Teletypewriter circuits 
and presents the number on its illum- 
inated face, has been announced by 
the Western Apparatus Div., of 
Comptometer Corp., Chicago, III. 

. (365) Invisible perforations, too 
small to impede any pen, allow ac- 
cordian folding for neat filing of these 
roll chart papers manufactured by 
Judson-Bigelow Div., Techni-Rite 
Electronics, Inc., Providence, R. I. 
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. . - (366) Dow Coming Corp., Mid- 
land, Mich., promises improved pot- 
ting and encapsulating of electronic 
units with a new superthin fluid sili- 
cone rubber (price $4-5 per Ib) that 
cures without heat. 
Circle Nos. 364, 365, or 366 
on reply card 


SYSTEMS 


SOLID STATE SYSTEM 


This solid state telemetry system per 
forms the three functions of data 
gathering, constant alarm scanning, 
and control over a single low grade 
communication link. Called RATI 
(Remote Automatic Telemetry Equip 
ment), it serves up to 1,200 points and 
uses time sharing techniques to avoid 
multichannel systems. In addition to 
setpoint control, the system provides 
for two-condition control operations. 
Data are gathered at telegraphic speed, 
identified, error checked, and dis- 
played by digital in-line readout. For 
use with business machines, perforated 
tape outputs are available—Shand & 
Jurs Co., Sub. of General Precision 
Equipment Corp., Berkeley, Calif. 
Circle No. 367 on reply card 


TEMPERATURE CONTROL 


To maintain furnace temperatures up 
to 1,200 deg within 0.2 deg C, this 
control system combines a platinum 
resistance thermometer with an elec- 
tronic controller. The system operates 
between 100 watts and 100 kva sup- 
plying continuously varying power to 
the furnace windings. Temperature 
errors are reduced by using a poten- 
tiometer as a controller. This control- 
ler automatically compensates for line 
voltage variations. Price of entire sys- 
tem with a 1-kva reactor: less than 
$750.—Atkins Technical, Inc., Cleve- 
land, Ohio. 

Circle No. 368 on reply card 


REPORT a. 


AUTOSYN® SYNCHROS 


Dependable in miniaturizing 
control circuitry 





These Bendix® size 5 Autosyn 
synchros are well suited to the 
needs of missile instrumentation 
and similar applications requiring 
miniaturization and weight reduc- 
tion. Typical characteristics are 
listed below. For additional infor- 
mation, including comprehensive 
data on transmitter, control trans- 
former, and differential character- 
istics, write today. 


TYPICAL 
OUTLINE 


| 


; 


1] | 
040 1.251—> 


MAX 


|} — 





g - 
i 











TYPICAL CHARACTERISTICS 


Operating temperature range. — 55°C. to 95°C. 
0.25 gm cm* 
0.8 oz. 
15 minutes 
itter, control 
transformer and differential. 





Manufacturers of 


GYROS + ROTATING COMPONENTS 
RADAR DEVICES + INSTRUMENTATION 
PACKAGED COMPONENTS 


Eclipse -Pioneer Division 


by. ee 


Teterboro, N. J. 
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Typical Cross-Section. 
DeJUR’s exclusive proc- 
ess of bonding resist- 
ance wire to card per- 
mits use of a 3-finger 
contact brush of lighter 
material. 





Series C-200 spore 
eter with new insulating 
molding. 











Another First 
for DeJUR 


The ONLY POTENTIOMETER 
with integrally molded insulation, 
terminal board and terminals. 


An exclusive, one-piece molded insulation is fea- 
tured in these new Series C-200 2” diameter pre- 
cision wire-wound potentiometers. Terminal board, 
tap mounting ring and all internal insulating sur- 
faces are molded integrally into a precision ma- 
chined aluminum housing. 

Unit terminals are permanently cored into posi- 
tion with molded identification numerals. This pro- 
vides a complete insulating envelope inside the 
aluminum housing, without joints or interruptions, 
and eliminates all possible leakage paths. The one- 
piece molded interior also provides better concen- 
tricity than individual fabricated strips, resulting in 
more uniform wiper pressures, improved linearity 
and longer service life. Write for detailed literature. 


SPECIAL APPLICATION OF ‘ 
C-200 POTENTIOMETER 
Attenuator for hearing 
aid tester consolidates 
functions of many resis 
tors and switches into a 
single compact assembly 


eeeevee You're always sure with eseceeesceces 


DeJuR 


ELECTRONIC COMPONENTS 
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ELECTRONICS DIVISION 
DeJUR-AMSCO CORPORATION 
NORTHERN BOULEVARD AT 45TH STREET 
LONG ISLAND CITY 1, N. Y. 
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WHAT’S NEW 


(Continued from page +40 


here. A large turnout of current EDP 
users and many new prospects did 
much to heighten this enthusiasm. 

[he LA visitors witnessed one of 
the largest displays of EDP hardware 
ever assembled at a trade show. Most 
of the important manufacturers in 
the field participated, and more than 
a half dozen showed full scale oper 
ating systems. Clacking data handling 
gear greeted prospective buyers at op- 
erating displays of Royal McBee’s 
4000 and 9000 systems; Burroughs’ 
visual records computer; IBM’s 1401, 
Rem Rand’s Univac Il; Monroe’s 
Monrobot IX, X, and XI; and Clarv’s 
DE-60 machine. 

e Little new—In spite of the di 
versity of equipment, there wer 
surprisingly few completely new de 
velopments unveiled at the show 
Exhibitors may be pointing towards 
the next Business Equipment Exposi 
tion to be held in New York in April 

One new line of data processing 
equipment that did draw much atten 
tion was Underwood Corp.’s Data 
Flo, shown in the U. S. for the first 
time. _ Designed by Olivetti, Italian 
major owner of Underwood, the ac 
counting machines with paper tape to 
card and paper tape to magnetic tap¢ 
converters have enjoyed good su 
cess in Europe—over 2,500 sales. 

Royal McBee’s 9000 was also un 
veiled for the first time publicly. ‘Th 
computer offers a number of advanced 
features including automatic in-line 
records processing. By this means, 
data can be accepted in random order 
and all affected records automaticall\ 
updated in a single uninterrupted s¢ 
quence. Memory is provided by stor 
age on endless loops of magnetic tapc 
Each loop can store up to 1 million 
alphanumeric characters. 

¢ Telephoned service—T ransmission 
of data via telephone lines was still 
new enough to excite many visitors 
to the Los Angeles show. Large blocks 
of interested spectators were drawn 
to IBM’s 1001 ‘Teleprocessing system 
on display. New from IBM in tele 
phone line data processing was its offet 
to tie in a user's own equipment with 
one of IBM’s 7070 computers for 
computing time rental. 

This setup is in addition to IBM’s 
Service Bureau Corp. subsidiary, which 
sells an entire data processing service, 
and its service centers which sell 
hourly time on computers but only 
for in-person work at the centers. 

—Michael Murphy 
McGraw-Hill News 
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Snow Cools EJCC 
Attendance, but Fails 
to Dampen Enthusiasm 


NEW YORK 

The worst autumn snowstorm in 
New York’s historv—17 inches fell in 
the city and over 20 inches hit the 
suburbs—held attendance at the Dc 
cember Eastern Joint Computer Con 
ference to about 2,000, just over half 
of the 3,500 expected. In fact on the 
first day of the meeting, not even the 
speakers were able to struggle into 
inidtown New York after the city’s 
airline, railroad, and bus transporta 
tion services had completely collapsed. 

For those persevering cnough to 
battle the mountains of snow, the 
EJCC show offered continuing evi 
dence that the computer business is 
still expanding. New machines, more 
flexible peripheral cquipment, and 
smartly designed digital modules that 
enable an engineer to design and build 
his own special purpose information 
systems add up to a major growing 
industry in the U.S. Many of thesc 
devices and components have been 
aimed solely at military markets, but 
now their makers have redesigned 
them with an eye to industrial applica 
tions. 

Navigation Computer Corp., for ex 
ample, a supplier of digital modules 
for the military, introduced a line of 
modules for industry. Redesigned to 
improve noise immunity (supply volt 
ages of plus and minus 50 volts, im- 
part a noise immunity to 10 vde and 
20-volt pulses to the circuits) the 
devices are transistorized universal 
flip-flops, packaged four per circuit 
board. Connector wiring on the back 
determines whether the module is to 
operate as a four-bit binary counter, 
four-bit shift register, binary coded 
decimal counter, or four individual 
storage or complementing flip-flops. 

At least two computer makers have 
taken real-time techniques polished 
for military applications and incorpo 
rated them into machines for commer 
cial application. Sylvania’s new 9400 
data processing system as demon 
strated is about equivalent to the IBM 
709. But Sylvania can custom tailor 
a system of even larger size for a user. 
Rem-Rand’s new 490 (see page 23) is 
a smaller real-time machine. Sylvania’s 
parent company, General Telephone 
& Electronics Co., is installing a 9400 
system for business data processing. 

The big Sylvania computer display 
led a lot of visitors to conclude that 
this company, which has up to now 
concentrated all its computer activity 
in military applications, will shortly 
officially enter the industrial data 
processing field. 

Other innovations seen or heard 
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Shromel-Alumel 


THERMOCOUPLE ALLOYS 


Hoskins Chromel-Alumel thermocouple 
alloys are the world’s basic standard of 
accuracy for controlling the heat treat- 
ment of metals—the only base metal 
materials known having established and 
guaranteed temperature-emf character- 
istics over a useful operating range from 
—300° F. for cryogenic applications up 
to 2300° F. for measuring temperatures 
in industrial furnaces, nuclear reactors 
and jet aircraft engines. 


Now, in addition to standard guaranteed 
millivoltage material, these extremely 
durable, ultra reliable alloys are also 
being produced in the following special 
grades for precision quality control: 
Specification 3-G-178—Accuracy guar- 
anteed to 4 standard tolerance limits. 
Specification 3-G-170— Accuracy guar- 
anteed within +5° F. over temperature 
range from 1000° to 2000° F. 


Available through instrument manufacturers, thermocouple fabricators, 
and pyrometer service companies. Write for complete technical data. 


* Trade names you can trust 
for accurate 
temperature measurement! 


Genuine Chromel.ond Alumel ore produced exclusively by 


HOSKINS MANUFACTURING CO. 
4449 Lowton Avenve * Detroit 8, Michigan 


Custom-Quolity: resistance, resistor and thermo-electric alloys since 1908 
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The same unique design that made 
the P-K Paul Venturi Contro! Valve 
the most efficient throttling control 
valve ever devised for critical appli- 
cations has been incorporated into 
the new Series G line of P-K Paul 
Control Valves. 


IN ADDITION TO LOWER COST 


@ Higher Flow Capacity 


@ Rangeability Over 100 
to 1 


@ Positive Shut-Off 

@ Non-Turbulent Flow 
@ Low Operating Thrust 
@ Self-Purging Action 


@ Resistance to Erosion and 
Abrasion 


Write today for 16 page catalog GV102 


General Kinetics Corporation 


 . 197 South Van Brunt Street - Englewood, New Jersey 
LO 7-3803 - TWX: ENGL NJ 1005 
LICENSEE IN THE EASTERN HEMISPHERE: 


JAMES GORDON VALVES, LIMITED * ROCHESTER * KENT 
A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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| WHAT‘S NEW 


at the show: 

> A new Autonetics machine called 
Recomp III, designed primarily for 
solving scientific and engineering prob- 
lems in a small engineering organiza- 
tion. It can also be used as a real-time 
computer in process control applica- 
tions. 

> A new Philco data processing sys- 
tem called the Philco 212. The new 
equipment is primarily a central data 
processor, four times faster than Phil- 
co’s 2000 line of machines and capa- 
ble of being incorporated into a previ- 
ously installed Philco 2000 series 
facility. 

As a nontechnical development it 
is likely that the 1960 EJCC will be 
the last meeting to bear that designa- 
tion. A move is underfoot to change 
the National Joint Computer Confer- 
ence to the American Federation of 
Information Processing Societies 
(AFIPS) and to enlarge its scope. 
Final approval of the change will be 
forthcoming in about six months. 


Marriage Plans Off For 
English Electric, GEC Ltd. 


LONDON— 
Two large British electrical equip- 
ment manufacturers, General Electric 
Co. Ltd. and English Electric Co. 
Ltd., originally reported to be engaged 
in full scale merger negotiations (CtE, 
Nov. ’60, p. 199), have left each other 
at the merger door. In a brief and 
sudden statement issued in London, 
spokesmen for the two firms an- 
nounced that the two-month old ne- 
gotiations had been abandoned. 

Strangely enough, the abrupt an- 
nouncement gave no explanation for 
the move. Not even a so-called “‘off- 
cial” reason was given. This surprised 
most observers since the companies’ 
stockholder confidence had already 
been shaken at the announcement of 
the proposed merger. Market value of 
EE’s shares had slid from about $7.40 
to $5, and GEC’s dropped from 
about $6.50 to $5. 

Informed London sources are vir- 
tually certain the merger fell through 
over the question of terms. Net bouk 
assets of the two firms are just about 
the same, but EE has roughly a three 
to two edge in earnings. 

Other explanations are current, in- 
cluding * ee to share each 
other’s commitments, fear of a major 
move during Britain’s unsettled eco- 
nomic situation, and the possibility of 
GEC’s merging with another. 


CONTROL ENGINEERING 





Peaking Station is 
New Application 
For Computing-Control 


MILWAUKEE— 

When an electric generating sta- 
tion ages and becomes a high unit 
cost producer, a utility is likely to 
relegate it to the role of a peaking 
station, to be brought on line only 
when loads exceed the normal capac- 
ity of the system. That means start- 
ing up and shutting down the station 
regularly, as often as several times a 
week. Because startup of an electric 
generating station requires a compli- 
cated procedure, it sounds like a good 
possibility for computing-control. 
When the startup has to be repeated 
frequently, the procedure is ideal for 
programming by a process contro] 
computing system. 

This is the reasoning Gulf States 
Utilities Co. went through when the 
company took a look at its old River- 
side Power Station in Lake Charles, 
La. The plant had reached a point 
where the cost of generating was 
almost too expensive even for a peak- 
ing plant. Faced with the dilemma 
of doing something drastic and expen- 
sive to cut generating costs or closing 
the plant and buying peak power else- 
where, Gulf States came up with a 
compromise: a relatively inexpensive 
computer control system to automate 
the startup and shutdown procedures 
and to optimize fuel consumption. 

¢Newcomers—To do this pioneer- 
ing job, Gulf States chose a new team 
in the computer control field: a com- 
bine of Allis-Chalmers Manufacturing 
Co. and Consolidated Systems Corp. 
in which A-C recently acquired a half 
interest (CtE, Aug. ’60, p. 44). The 
computer: the RCA 110 (Riverside 
is the first announced application. 

Chief objectives for the control sys- 
tem will be safe and efficient startup 
and shutdown of the plant. Secondary 
emphasis will be placed on fuel opti- 
mization, in contrast to the scheme 
for normal-load plants. 

Modifications to the turbines (origi- 
nally built by A-C) include the addi- 
tion of wide range governors to con- 
trol speed setting. Thermal expansion 
and bearing vibrations will be meas- 
ured by transducers, and the reading 
will be logged by the computer. These 
signals, along with others from tem- 
perature detectors in journal and 
thrust bearings, hydrogen seals, and 
the generator, will be printed on 
trend recorders for visual observation 
by the operator. 

¢ Choosing the computer—In choos- 
ing the RCA computer, A-C consid- 
ered its speed, number of commands 
presently available, the more economi- 
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MINIATURE 
3 PEN RECORDER 


NICKEL-CADMIUM BATTERY RESERVE - 
POWER SUPPLY MODULE 
INPUT TERMINALS 


TORQUE MOTOR AND TRANSDUCER — 





\ 
\ FINE ZERO RANGE AC 
ALIBRATING ADJUSTMENTS 


it-Y mci 4. 1-1-lole) ante) Ve) 
|=) = V4 aN = GLENBROOK. CONNECTICUT 
DA-4-1105 


SYSTEMS. INC 
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ANOTHER PREGISION INSTRUMENT 


SIZE 11 SERVOMOTOR - TACHOMETER GENERATOR 


This latest addition to the Muirhead range of servo 
components, has an output at 1000 rev/min to 
fundamental null ratio exceeding 50:1, thus making 
it first choice for use in high performance servos. 
Other parameters are as follows: 


Motor Generator 


Stall Torque 0.63 oz. in Output Voltage 0.6V/1000 rpm 
No Load Speed 5600 rev/min Fundamental Null |12mV 

Input Power 3.5 watts Total Null 19mV 

Time Constant 0.017 sec Phase Shift 6 degrees 
Overall Length 2.265 ins Weight 6 ozs 


Order one for your prototype now 


Full data sheet available 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC. 
441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 
MUIRHEAD INSTRUMENTS LIMITED. Stratford, Ontario, Canada 
Telephone : 271 — 3880 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 
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cal packaging and accessibility of its 
memory store, and its priority inter- 
rupt feature. 

he computer will also be able to 
decide when to use an abbreviated 
startup procedure if the plant has 
been operating only a short time be 
fore, so that it is still hot. 

Allis-Chalmers calls its new com- 
puter control system Systemation and 
expects it can be modified for appli- 
cation in other process systems. Con- 
solidated Systems Corp. will design 
the instrumentation and data han- 
dling equipment for the setups. 

CSC is banking strongly on_utili- 
ties for application of computing- 
control. But the AC-CSC combina- 
tion, in concert with CSC’s other 
parent firm, Consolidated Electrody 
namics Corp. (itself a subsidiary of Bell 
& Howell Co.), is also attempting to 
get moving on the design of new com- 
puter controlled process plants. CSC 
still intends to stay on its own in the 
petrochemical field. 


Control Theorists, OR Men 
Make Peace at Conference 


BRUSSELS, BELGIUM 


With a turnout of experts from 16 
countries reaching 300—three times 
that anticipated—Europe’s first in a 
series of specialized control applica- 
tion seminars was a rousing success. 
Ihe conference, the International 
Seminar on Analog Computation Ap- 
plied to the Study of Chemical Proc- 
esses, was organized by Belgium’s 
Institute de Regulation et d’Automa 
tissme. Foremost among the impor- 
tant products of the conclave was a 
meeting of the minds between the ad- 
vanced control theorists and the pro- 
ponents of operations research. 

Informal discussions caused leaders 
of the two groups to wonder if they 
were striving after the same goals of 
mathematical models of processes but 
using different approaches and termi- 
nology. Conference attendees began 
to ask just how much common ground 
there was between operational research 
statistics and control theory. 

Grist for the mill came from Cam- 
bridge Universitv’s J. K. Lubbock. 
In a paper describing plant mathe- 
matical models, Lubbock’s approach 
to orthogonal systems held out prom- 
ise of automatic setting of the modcl 
equation coefficients to give the best 
fit between model and plant. 

¢ Same goals, different means—Com 
ment on Lubbock’s approach came 
from the operational researcher's view- 
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“OPTISYN 


a unique optical shaft position 
encoder for servomechanisms, 
data reduction, navigation 
systems, programmed 

control systems 


*¥ Miniature size (2.312 dia. by 15") with 
no sacrifice in resolution 


*¥ instantaneous interrogation 
*¥ Low torque — will not load shaft 


*¥ Reliable — low power photocircuit and ab- 
sence of moving contact insure long life 
and high reliability 


*¥ Economy —moderate cost, extensive life, 
and lack of required maintenance reduce 
overall control system costs 


For details on standard OPTISYNS get Bul- 
letin #604, 


SPECIAL DESIGNS 


OPTISYN Gimbal Angle Readout Encoder — 
the first digital transducer specifically for iner- 
tial guidance or navigation platforms. Provides 
direct digital readout. Lightweight. Convenient 
shape and size will fit available space. For de- 
tails get Bulletin #606. 


OPTISYN Incremental Pickoff for readout of 
integrating accelerometers. High reliability and 
basic versatility make it ideal for this very ex- 
acting requirement. Available for size 35, 25 
and 16 accelerometers. For details get Bulletin 


DYNAMICS 
RESEARCH 
CORPORATION 


38 Montvale Ave., Stoneham, Mass. 
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point of L. Gallon, British Petroleum 
Ltd. Research Dept. He pointed out 
the similarity between Lubbock’s 
method and the standard operations 
research multivariable analysis, like 
principal component analysis, canoni- 
cal correlation, and factor analysis. 
Gallon called for a closer look at the 
apparent closeness of approach, saying, 
“In generating mathematical models, 
statistical techniques and control the- 
ory appear to be rapidly converging, 
and we must see that we all talk the 
same language.” 

In the two and a half days of ses- 
sions, the 21 papers presented ranged 
from the trivial to the highest levels 
of mathematics. Application papers, 
though accounting for half the papers, 
revealed few on-line analog computer 
control setups yet in Europe. 

Arousing most practical interest was 
a method described by A. W. O. Firth 
of England’s Redifon Ltd. Firth dem- 
onstrated how to use standard analog 
computer building blocks to solve lin- 
car programming problems. 


Louis Allis Takes First 
Step in Electronics 


Ihe Louis Allis Co., old line Mil- 
waukee electrical equipment builder, 
has made its first move into the elec 
tronics field with the purchase of the 
Dynapar Corp. of Skokie, Ill. .The 
acquisition is the first step in a long 
range diversification program for the 
company, according to President John 
W. Allis. 

Dynapar is an eight-year old firm 
that specializes in custom electronic 
equipment such as digital controllers, 
speed indicators, and other equipment 
used in primary metal, rubber, and 
other process industries. Louis Allis 
intends to market the Dynapar line 
not only as separate components but 
also in conjunction with Allis adjusta- 
ble speed drive equipment. 


Collins to Link EDP 
Customers to Central Computer 


Collins Radio has formed a division 
to provide electronic data processing 
services to industry. The company 
will use its Kineplex data transmission 
equipment to tie a chain of subscriber 
stations directly to a central data proc- 
essing center at Collins’ Cedar Rapids, 
lowa, headquarters. 

First step for the new Communica- 
tions and Data Processing Div. will be 
to tie together all Collins divisions and 


MOTORS 
ACTUATORS 


BUILDING BLOCKS 
FOR THE SPACE AGE 


by 


| —lsens-se) ile 
—— el) Ninn anore? 


“4 
to 
3:4 


1 MODEL 0D-1212—Designed for 2nd 
stage Minuteman guidance system 
Horsepower 3.95 
Power 26 vdc 
Weight 6.3 Ibs 
Weight with filter 8.8 Ibs 

FEATURES: 

Excellent h.p./wt. ratio « Reduced 

size © Advanced design « High 

history of reliability 

MODEL 0D-1115—Designed for F-104 

pilot seat actuator ( Mil-E-5272 A) 

Power 26 vde (or 400 ac 

Weight 8.5 Ibs 

Travel 0.34 in/sec 

Stroke 4.5 in 

Normal Load 400 Ibs. tota 

Compression Load 4100 Ibs 

Tension Load 12,000 Ibs 

MODEL D-822—Designed for F-104 

trailing edge slat actuator 

Normal Operating load _ 26,000 in.ibs 

Max. Operating load _ 52,000 in. Ibs 

Ultimate Static load . 75,000 in. Ibs 

Travel 45° at 0.625 rpm 

Amperes 

4 amps at 26,000 in. Ibs. at 480 
cps on 200 volts 

Weight 35 Ib 

MODEL D-1029-1—Designed for pump 

applications, antenna drive systems, 

actuators and stabilizer applications 

Terminal voltage 26.6 vac 

Horsepower 6 hp 

Speed 7500 rpm 

Duty cycle 

4.5 hp for 7.5 min.—6.0 hp for 

20 sec.—2.0 hp for 30 min 

Weight 20 Ibs 

ES development engineers weicome 

the opportunity to furnish an eng 

neering estimate on your specific re 
quirement. Emergency circumstances 
given special consideration. Ask for 
the EEMCO DIVISION design folder 


— 


EEMCO 
ELECTRONIC SPECIALTY CO. 


FF 
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ROTARY inuit-craix SWITCHES 


— standard or special — 

to meet your requirements and 

MIL or BuShips specifications 

for simple or complex circuit control. 


Here are typical designs that show 
the versatility of Esco construction. 


Write for Bulletin 8A or call us for details. 


Style and Size 


| Loads and Circuits 








Single-control 
tandem pair; 
snap-action; 
7 X 19 inches 
20 inches behind panel. 
75 Ibs. approx. 


Quick-connect 
terminaling for 
snap-on wiring; 
314 inches diameter, 
3 inches behind panel. 
8 oz. approx. 


. 
| 


200 amps. 500 v. a-c 

6-pole, triple-throw; 
| 30 amps. 500 v. a-c 
20-pole, triple-throw. 
| 





10 amps. 125 v. a-c 
single-pole 
4-position; 
snap action. 





2-way drive 
by 6-volt solenoids; 
3% inches diameter, 
1814 inches long. 
12 Ibs. approx. 


10 amps. 

125 v. a-c 
34 poles, 
2 positions. 





High-current 
low-voltage tap switch; 
1034 X 1034 inches, 
14 inches behind panel. 

25 Ibs. approx. 


150 amps. 6 v. a-c 
6-pole 
12-position. 





Lever-actuated 
miniature switch; 
144 X 1% inches. 
1144 inches behind panel. 
2 oz. approx. 


3 amps. 125 v. a-c 
4-pole 
3-position. 





3-gang, gear-drive 
singie-control switch; 
6%, XX 7Y¥, inches X 
14 inches behind panel. 
25 Ibs. approx. 


2] of o tm Ae A teliha. | 


5 amps. 125 v. d-c 


75 poles 
2 positions. 





'2e 28 Semen) 08 mee) 20) )- Bele), | 
King Avenue Weymouth 88, Massact 
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subsidiaries as the first subscribers. 
The first link—between the Collins 
subsidiary in Toronto and Cedar 
Rapids—has been completed and is in 
operation. This model system will 
comprise the organization’s entire 
communication and data processing 
facilities. Automatic switching and 
control equipment will monitor intra- 
company voice, teletype, and data 
communication using wire lines and 
point to point and air to ground radio. 

Additional links with the central 
EDP facility will tie in subscriber 
stations in Los Angeles, Dallas, Wash- 
ington, D. C., New York, and Kansas 
City. These links will. be made by 
wire line using Kineplex. On line, 
real-time computing capability will be 
made available to outside customers 
within two years. 


OPW Merged Into 
Dover Corp. 


A Cincinnati manufacturer of spe 
cialty valves, the OPW Corp., has 
been merged into Dover Corp. of 
Washington. Subject to stockholder 
approval, the deal calls for the ex- 
change of $1 million in cash and 
247,500 shares of Dover common 
stock valued at close to $4.5 million. 

OPW will be a division of Dover 
with its present management. The 
OPW Div. manufactures valves and 
other products for the petroleum and 
chemical markets. The OPW-Jordan 
Div. produces temperature regulating 
and control valves. 


News of Other Companies 
In the Control Field 


American Electronics, Inc. and 
Electronic Specialty Co. both of Los 
Angeles have announced that they are 
negotiating to consolidate. Combined 
sales of the two firms are curerntly at 
the annual rate of $40 million. Amer- 
ican Electronics makes a range of 
equipment including electromechani- 
cal actuators, servosystems, and com- 
puter components. Electronic Spe- 
cialty produces avionic devices and 
precision power supplies. 


Brooks Instrument Co., Inc., Hat- 
field, Pa., has formed a European 
manufacturing subsidiary to produce 
Brooks’ line of rotameter-type flow in- 
strumentation, level controls, and 
other components. The new firm, 
Brooks Instrument Nederland N. V., 
will be located in Veenendaal, Neth- 
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erlands, and will be a wholly owned 
subsidiary of Brooks Instrument Co., 
S. A., a sales company previously 
formed in Switzerland. 


International Rectifier Corp. of E] 
Segundo, Calif., has joined with Pie- 
montese Sviluppo Industriale S.p.A., 
one of Italy’s largest holding compa- 
nies, to form a multimillion dollar 
semiconductor manufacturing facility 
in Europe. First plant will be set up 
near Turin. 


Shafford Electronics & Develop- 
ment Corp. is a new company in Santa 
Monica, Calif., that will engage in the 
design and manufacture of control 
systems for industry and the military. 
President of Shafford is Clifford A. 
Shank, formerly with AiResearch Man- 
ufacturing Co. 


Ampex Corp. and Telemeter Mag- 
netics, Inc. shareholders have ap- 
proved a merger of the companies at 
special sessions held in the respective 
company offices in Redwood City and 
Culver City, Calif. Directors had pre- 
viously approved the plan which calls 
for the exchange of one share of Am- 
pex for two of TMI; Ampex is the sur- 
viving corporation. 


Hydro-Aire Co., part of Crane Co.'s 
Systems and Control Group, has ac- 
quired the line of analog to digital 
converters formerly produced by the 
Jones and Wettlaufer Engineering 
Corp. of Los Angeles. 


Bendix Corp. has relinquished its 
holdings in Elliott-Automation Ltd., 
the English control manufacturing 
complex in which Bendix had. origi- 
nally held a one-third equity interest, 
reduced to 74 percent. 


Varian Associates and Eastern In- 
dustries, Inc. have reached a prelimi- 
nary form -of an*agreement for the 
merger of Eastern into the Palo Alto, 
Calif., company. The present plan 
calls for one share of Varian to be ex- 
changed for three of Eastern’s shares. 


American Radiator & Standard 
Sanitary Corp., New York, has ac- 
quired the Rochester Manufacturing 
Co. to be a part of American-Stand- 
ard’s Detroit Controls Qiv. The ac- 
quisition involved he Sorhinaae of 
125,000 shares of stock. Rochester 
produces liquid level, pressure, and 
temperature indicating instruments. 


Chance Vought Corp. is the new 
name for Chance Vought Aircraft, 
Inc. as of Dec. 31. Change reflects 
the diversification achieved by the 
Dallas firm. 
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The Industry’s Widest V ariety 


When weight and space are critical and it becomes es- 
sential to use the smallest and lightest production servos 
available, Sperry Rand’s Wright Division offers you the in- 
dustry’s widest variety of advance components. 

Typical of this variety are Wright Size 8 Servos, a few of 
which are shown above. Normal Torque or High Torque. 
High Acceleration or Exceptional Acceleration. Normal Torque 
to Power or High Torque to Power. You name it, Wright has 
it. And 200°C operation is standard! 

Telephone Durham (919) 682-8161 or write for get- 
acquainted literature and name of our nearest representative. 

Servo Motors, Motor Tachometers, Geared Servos, Syn- 
chros, Servo Packages, and Spin Motors in frame sizes from 
Size 8 through 30. 


WRIGHT, como nciceenn” 
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THANKS, MONSIEUR CORIOLIS, BUT WE PLAY IT STRAIGHT! 


Your theory is a little complicated for us. Rather than work in rotating coordinates and 
compensate for your famous acceleration, we avoid the problem. Our guidance system plat- 
forms are stabilized in inertial space instead of rotating Earth space. The result is simpler 
guidance system computations for missiles like Titan. If you are challenged by reducing 
classic theory to practical hardware, and have a BS, MS or PhD in Physics, ME, EE, or 


Math, please contact Mr. C. H. Allen, Director of Scientific and Professional Employment, — 


7929 S. Howell, Milwaukee 1, Wisconsin. 
AC SPARK PLUG # THE ELECTRONICS DIVISION OF GENERAL MOTORS 
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IMPORTANT MOVES BY KEY PEOPLE 


Sperry Rand Names Halpert 
To Manage Phoenix Div. 


Percy Halpert 
has been ap 
pointed to the 
position of divi 
sion manager of 
Sperry Rand ; 
Corp.’s Phoenix 
Div. Since 1937 be 
Halpert has been am a fe 
with Sperry in ~ 
various capacities. Before his new ap 
pointment, he was chicf of the com- 
pany’s acronautical cquipment engi 
neering at Great Neck, N. Y. 

Halpert holds a MSEE degree from 
City College of New York and has 
iccumulated 26 patents during his 
years of research and development 
ictivitv. The activity he will head 
specializes in flight equipment includ- 
ing automatic controls, gyros, guid 
ance systems, and pilotless flight sys 
tems. He will also be responsible for 
Sperry’s radio and radar facility in 
Sunnyvale, Calif 


Myers Heads Hewlett-Packard 
Components Div. 


Vhe 

manager of 

Electrical Engi- 

neering sechion 

of Hewlett-Pack- 

ird Co.’s Manu- 

facturing Engi- 

neering Dept., 

William D. My- 

ers, will manage 

the new Precision Components Div. 

of the Palo Alto, Calif., company. 

Myers, a 16-year company veteran, 

was formerly with RCA and Packard 

Bell. He is a senior member of the 

IRE and a graduate of Stanford 
University. 

The new division will coordinate 
the company’s activities in developing 
and producing special components. 
These include such devices as silicon 
diodes, photoconductors, and semi- 
conductors. ‘There will be three prin- 
cipal research and development sec- 
tions: quartz crystals, diodes and 
transistors, and solid state chemistry. 


rormer 
the 


Berkner To Head IRE; 
V-P’s Also Named 


The Institute of Radio Engineers, 
the world’s largest engineering society 
(85,000 members), has chosen Lloyd 
V. Berkner as its president for 1961. 
Berkner, president ‘of Associated Uni- 
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versities, Inc., will preside with the 
assistance of two vice-presidents, J. F. 
Byrne and Dr. Franz Ollendorff. 

Berkner, who succeeds Ronald L. 
McFarlan in the top post, has headed 
Associated Universities since 1951. 
he educational institution operates 
Brookhaven National Laboratory, the 
National Radio Astronomy Observa- 
tory, and other research facilities. 
Berkner has held many offices and ad- 
visory positions in government, indus- 
try, and education, including chair- 
manship of the Space Science Board 
of the National Academy of Sciences 
and consultant to the President’s 
Science Advisory Board. 

Following the IRE’s year-old policy, 
the two vice-presidents come from 
North America and abroad, respec- 
tively. Byrne is manager of the River- 
side Research Laboratory of Motorola, 
Inc. Dr. Ollendorff is a research pro- 
fessor at the Technion-Israel Institute 
of Technology, Haifa. 


Wolfe Joins Borg-Warner As 
Manager of Engineering 


\ specialist in 
instruments, Dr. 
C. M. Wolfe will 
supervise trans- 
ducer research 
and development 
programs as the 
head of _ trans- 
ducer engineer- 
ing at Borg- 


ht. 


Warner Controls Div. of Borg-Warner 
Corp., Santa Ana, Calif. 


These pro- 
grams will include refinements in 
existing transducers as well as new 
product development. 

For the past 16 years Dr. Wolfe 
has been in the research and develop- 
ment fields of missile systems and 
rocket motors and instrumentation. 

He holds a PhD in electrical engi- 
neering from California Institute of 
l'echnology and was a research spe- 
cialist at United Electrodynamics be- 
fore moving to Borg-Warner Controls. 
For seven years he taught at the Uni- 
versity of Washington. He holds 12 
patents and has developed 30 instru- 
ments for use with systems 
and rocket motors. 


missile 


Other Important Moves 


John L. Hawk has joined CEIR, 
Inc., as director of its New York Re- 
search Center. Formerly he was in- 
dustry area manager of IBM’s ad- 
vanced Systems Development Div. He 
is slated to direct the computing ac- 


Y shift 
phase 


FAST 
with 
fp AM &C 
/FAZE-BOX 


Here is a low-cost preci- 
sion instrument that lets 
you shift phase from O 
to 180° in a matter of 
seconds. No more time- 
consuming construction 
of make-shift circuits 
every time a new phase 
shift problem arises — 
AM&C FAZE-BOX is there 
when and where you 
need it. Compact, easy- 
to-use, dependable. 





Input 
Voltage 
Range ...... ; 


Frequency 


. Up to 30 volts rms 


25 to 10,000 cps 
>. Input 
=) impedance .... 15,000 ohms approx. 
"> Output 
Be Voltage .............0+. Same as input 
Controls .... Fixed-Phase selector 


Coarse phase selector 
Fine phase vernier 


. 3° nx6 42” wx3%"d 
overall 


AMERICAN MEASUREMENT & 
CONTROL, INC. 


240 Calvary St., Waltham 54, Mass 


TWinbrook 4-6212 
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NO MANUAL SWITCHING 
FOR SPEED CHANGES WITH 
EECO’S NEW TIME-CODED 
MAGNETIC TAPE SEARCH 
AND CONTROL SYSTEM 


® 





Responsible for flight test instrumentation? Quick-look 
data readout? Check out this addition to the distinguished 
EECo line of timing system equipment. You'll find no other 
gives you all of the ZA-821’s important benefits: 


NO MANUAL SWITCHING or plug-changing is needed to 
compensate for speed changes. 


DATA REFERENCED BY TIME CODE, so correct locat- 
ing never depends on tape speed. Locates data interval be- 
tween two time addresses. 


CONTINUOUS DECIMAL DISPLAY OF TIME CODE, 
so user always knows exactly where he is on the tape. 


SPEED WITH FLEXIBILITY. With typical tape transport, 
ZA-821 searches 1200 feet of tape in 90 seconds. Permits 
search-to-recording speed ratios up to 64 to 1. 


FULLY AUTOMATIC. Choice of automatic or manual 
search. Permits automatic recycling of located data. 
COMPACT. All solid-state. Entire ZA-821 unit including 


fw 


power supplies mounts in only 153,” of rack space. 


COMPATIBLE. Can be used with most continuous-motion 
tape transports including Ampex FR 100, FR100A, FR 100B, 
FR600; Honeywell M-3170, M-3171, M-3172; CEC 5-752; Mincom 
C-100. Uses 24-bit BCD Time code supplied by EECo ZA-801 
Time — Generator. Can be modified for use with any 
time code. 


ECONOMICAL. High utility. Beats in-house fabrication. 
Plug-in circuits keep maintenance cost down. Only $10,200. 


For data sheet ZA-821 write: 


Electronic Engineering Company of California 
1601 East Chestnut Ave., Santa Ana, Calif. Phone Kimberly 7-5501. TWX: S ANA 5263 


MISSILE & AIRCRAFT RANGE INSTRUMENTATION ® DIGITAL DATA PROCESSING SYSTEMS 


EE 0-10 COMPUTER LANGUAGE TRANSLATORS © SPECIAL ELECTRONIC EQUIPMENT 


“See EECo on display—BOOTH 2 


160 


at Winter Convention of Military Electronics, Biltmore Hotel, Los Angeles, Feb. 1-3” 
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tivities of the center, which is cur- 
rently equipped with an IBM 7090 
data processing system. He'll also 
manage the research efforts of the 


CEIR unit. 


Charles D. Brown has taken the 
post of president of MB Electronics, 
New Haven, Conn., a div. of Textron 
Electronics, Inc. Formerly Brown 
was an executive of the General Elec- 
tric Co. He replaces George H. 
Mettler who has become vice-presi- 
dent of Textron, Inc. 


Dr. I. Melville Stein is the presi- 
dent of the Foundation for Instru- 
mentation Education & Research for 
1961. Melville is the president of 
Leeds & Northrup Co. 


Robert H. Packard has taken the 
job of Chief Engineer of Power 
Sources, Inc., Burlington, Mass. With 
more than 25 years of electronics ex- 
perience, Packard has served with 
many firms in the Boston area. He has 
been with Power Sources since May 


Henry C. Jones, former executive 
vice-president and director of opera- 
tions, has been elected president of 
The Electrada Corp. of Beverly Hills, 
Calif. Jones joined Electrada in July 
after 18 years with Convair. 


David H. Brown is the new general 
manager of the Bendix-Pacific Div. of 
the Bendix Corp., No. Hollywood, 
Calif. Brown started with Bendix- 
Pacific in 1938 as a draftsman. Before 
his latest appointment he had been 
assistant general manager. 


Hans-Joachim Kunzke has been ap- 
pointed design engineer for computer 
and electronic data processing prod- 
ucts of the Clary Corp. Before com- 
ing to the San Gabriel, Calif., firm, 
Kunzke did computer development 
work for West German companies 
including Olympia AEG, Grundig, 
and C. Lorenz A.G. 


Duncan N. MacDonald has been 
named director of engineering for the 
Electro-Data Div. of Burroughs Corp. 
in Pasadena, Calif. 


David C. McNeeley, manager of 
the Helipot Div. of Beckman Instru- 
ments, Inc., has been elected presi- 
dent of the Precision Potentiometer 
Manufacturers’ Association. The 
PPMA is a new organization formed 
to establish standards for the precision 
potentiometer industry. 
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COMING . 
NEXT MONTH Wil be Poi ravage same 


Necessary 
What Industry Thinks of me. ayaa ng 
Fire-Resistant Fluids set ghee 
Experts in fluid companies, 
equipment makers, users, and 
insurance give their opinion 


Two vs Three Gyro BUSINESS REPLY MAIL 


Guidance Platforms First Class Permit No. 43, (Ser. P. L. & R.) Ridgefield, Conn. 
How platforms compare that 
use one degree and two degree 
of freedom gyroscopes. 
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Accurate Valve Sizing CONTROL ENGINEERING 
for Flashing Liquids 


Specially constructed curves and P. O. Box 623 
known inlet conditions simplify 


valve calculations. Ridgefield, Conn. 


Simplified Method for 
Verifying Relay Circuits 
Charting technique logically 
analyzes information depicted 


Transistorized Controls 

Automatically Guide G 

eg nt to Get More 
Clever computing circuit can be 


retrofitted to basic machines as inform ation About 


operator aid. 


Analyze Nonlinear I. Advertised products 


Control Systems with 
ee as 2. New product items 
a 3. Catalogs and Bulletins 
What's Available for 4. 


Digital Data Transmission 
Surveys 19 equipments of 13 
manufacturers for use with All advertisements, new products, and literature items are numbered for your convenience 


leased lines and toll networks. 


Editorial reprints 


© NEW SUBSCRIPTION APPLICATION CARD 
Yes! | want my own personal copy of CONTROL ENGINEERING every 
Get YOUR own month. Enter my subscription at once for | year at $5. [_] New [_] Renewal 





b Check here if you prefer:- [] 3 years at $10 (You save $5) 
personal copy each month. Payment enclosed 


Bill me Bill company 


Name Position 


Complete and mail 


Home Address 


this card TODAY! 


— 


Company Nome 

Product Manufactured or 

Service Performed by Compony 
BUSINESS ADDRESS 








Street — ee —————— Zone 1/61 


Check here if you wont publication sent to business address 


Please print — and fill out completely for best service 
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2. DATA HANDLING AND 
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New Products 


312—High speed x-y recorder, p. 
313—Flexible encoder design, p. 
314—Electroluminescent displays, 5 
315—Paper tape optical reader, p. 128 
316—Block tape reader/decoder, p. 128 
317—Timy portable recorder, p. 130 
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Precise electronic multiplier, p. 133 
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Shipments of electrical measuring 
instruments by U.S. manufacturers 
during the first three months of 1960 
amounted to 1,037,431 units, valued 
at $35,213,688. The figure was ob- 
tained from a quarterly survey of pro- 
duction capabilities by the Scientific, 
Motion Picture and Photographic 
Products Div., Business and Defense 
Service Administration, U.S. Dept. 
of Commerce. This was the first such 
survey ever made in the electrical 
instrument industry. Commerce ex- 
pects to make subsequent ones. 


Continuous generation of coherent 
light in an optical maser may be pos- 
sible with two new crystals developed 
by researchers at IBM. The new ma- 
tenals, trivalent uranium in a calcium 
fluoride lattice and divalent samarium 
in the same kind of lattice, have an 
energy level, slightly above ground 
state, to which stimulated ions can re- 
treat. As a result the generation of 
coherent light requires fewer ions in 
the energized condition. The new 
material should need only 1/500, the 
pumping power demanded by ruby 
crystal light masers. 
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NGA - - Business Machines « Computers 
Vending Controls * Model Trains—Planes ¢ Lighting Controls 
Automated Devices * Counting Devices « Sorting Devices 


@ Now—a radical departure in stepper design provides 
new opportunities for applying the stepping relay princi- 
ple over a far wider range than ever before. 


1. High Contact Rating. 3 amps resistive, 1 amp in- 
ductive (SO% P.F.) made possible by contactor action, 
dual make-break, positive circuit isolation contact 
mechanism. A revolutionary development, the Roto- 
mite stepper eliminates wiping contacts, bridged cir- 
cuits and, in most applications, slave relays. 
Continuous Duty—from 3 to 230 v.d.c. 
Production line design —completely metal clad— 
needs no special protection on the line. Shrugs off 
impacts of careless handling and is also unaffected 
by dust or metal particles. 

Continuous rotation—up to 30 steps per second. 
No reset in present production items which include: 
D.C. continuous duty; A.C. intermittent duty; A.C. 
continuous duty now in development stage. 

Life: Well in excess of 1,000,000 operations. 


Size: 2” long and 1%” in diameter. Weight: approx. 
4 oz. Cost? Incredibly low! Write on your business 
letterhead for quick sample service and detailed 
information about the “Rotomite’’ midget stepper. 


GUARDIAN 1G) ELECTRIC 


MANUFACTURING COMPANY 
1558-A W. CARROLL AVENUE “Everything Under Control” CHICAGO 7. ILLINOIS 
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OF WAVEFORMS... 


now available to your requirements! 


THE 


tensor 
5846 ARBITRARY 
FUNCTION GENERATOR 


F.0.B. 
$49500 Brooklyn, N.Y. 


In addition to producing standard sine, triangular and square wave- 
forms, the Model 5846 can generate arbitrary functions as desired 
by changing cam shapes. 





Specific waveshapes are quickly formed by inserting appropriate 
cams into the instrument. Cams for desired functions are available 


from the factory, or can be easily constructed from enclosed 
instructions. 


Tensor's Arbitrary Function Generator comes equipped with two 
cams...one for sine wave...one for triangle wave. The square 
wave, at the function frequency, is of adjustable phase and 


symmetry. It is always available regardless of the function being 
generated. 


APPLICATIONS: SPECIFICATIONS: 


The Tensor Arbitrary Function Frequency Range: .001 to 10 cps 
Generator is extremely flexible in four ranges 
because of (1) the infinite variety 

of waveforms that can be Output Voltage: 10 volts peak to 
produced, (2) the wide frequency’ peak, adjustable 
range and (3) provision for sup- Load Requirements: 10K or : : 


pressed carrier modulations. Listed 


below are typical applications: Output Function: Cams supplied for 
AC or DC servo testing sine and triangle waveforms 
Vibration machine programming Sine Distortion harmonic 
Medical electronics = nah 

Input to analogue devices Triangle Wave Distortion: +3 % 
Process control testing deviation from a straight line 


Any application where electrical 
simulation of mechanical, physio- Power Requirements: 50 watts at 
logical, biological or hydraulic 115 VAC 60 cps _— 


functions is desired. 


CENSOPM tectric evetopment COMPANY, INC. 
Engineers Bldg., 1295 Northern Blvd., Manhasset, N.Y. © MA 7-7220 
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BULLETINS AND 
CATALOGS 


(400) MISSILE INSTRUMENTATION 
Computer Systems, Inc. Form 80-350- 
TC-3, 5 pp. Report describes typical in- 
strumentation chain for  missile-range 
control application. Details cover vehicle 
tracking, plotting of tracking data, and 
control of target acquisition equipment. 
(401) ROTARY ACTUATORS. Hou 
dialle Industries, Inc. Catalog HYD-1, 16 
pp. Covers the design, operation, and 
specifications on a complete line of preci- 
sion hydraulic rotary actuators for indus- 
trial applications. Complete torque/pres- 
sure curves are provided for the various 
size actuators. 

(402) GAS SURVEY RECORDER 
Fischer & Porter Co. Catalog 35-1543, 
4 pp. Reviews the basis for scientific gas 
demand studies and describes how survey 
costs can be minimized by use of an 
automatic gas survey recorder. 

403) ACCELEROMETER - BULLE- 
TIN. Schaevitz Engineering. Bulletin B+, 
4 pp. Illustrates and describes nine series 
of linear and angular accelerometers cur 
rently available from this manufacturer. 
404) CONDENSED TUBE CATALOG 
Amperex Electronic Corp. Catalog No 
CC860, 26 pp. Contains descriptions and 
basic specs on a full line of electronic 
tubes: cold cathode trigger tubes, audio 
tubes, ignitrons, indicator tubes, klystrons, 
magnetrons, power tubes, photomultiplier 
tubes, and many others. 

(405) BATCH WEIGHING SYSTEMS 
Gilmore Industries, Inc. Bulletin B-100, 
20 pp. Deals with both manual and auto 
matic electric batch weighing systems 
\pplications discussed range from low 
cost, short run installations where the 
formula is frequently varied all the way 
to complicated production batch weighing 
runs. Details on features and operation 
are included, along with diagrams and 
photos of the systems. 

406) CONTROL PILOT DEVICES 
General Electric Co. Bulletin GEA-7392, 
$ pp. Describes this company’s line of 
control pilot devices, which include pres 
sure and vacuum switches, pressure gover 
nors, plugging and antiplugging switches, 
float switches, pilot switches, and manual 
reversing switches. Advantages of each 
product are listed along with ratings and 
nomenclature charts. 

407) ELECTRONIC PROCESS CON 
rFROLS.  Robertshaw-Fulton Controls 
Co., Aeronautical and Instrument Div 
Bulletin No. 10, 8 pp. Brochure describes 
the Robertshaw-Microsen -closed-loop, all 
electronic process contro] systems, capaci- 
tance actuated level detection and control 
instruments, and Vibraswitch malfunc 
tion detectors. Technical bulletin refer- 
ences are also cited. 

(408) SPEED MEASUREMENT. The 
Meriam Instrument Co., Electronic Div. 
Bulletin No. 2,000, 6 pp. Illustrates in- 
strumentation designed to provide an 
accurate and trouble-free method for meas- 
uring, indicating, or recording most rota- 
tive motion. LEasy-to-read specification 
tables accompany recommendations for 
the application, mounting, and coupling 
of each model. 
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(409) SHIPBOARD SPEED CONTROL. 
General Electric Co. Bulletin GEA-7202, 
8 pp. Explains design flexibility of a line 
of ac reactor speed controls which permit 
precise speed regulation of gantry and 
rotating cranes, cargo winches, windlasses, 
and capstans with countertorque and re 
generative braking. Bulletin also describes 
stepless static control over an entire speed 
range from a single master switch with no 
de conversion equipment. 

(410) THERMAL SWITCHES. Control 
Products, Inc. Brochure, 8 pp. Describes 
11 bimetal thermal switches. Contains a 
discussion of the bimetal principle and 
gives detailed technical information on 
applications, specifications, standard varia 
tions, and modifications 

(411) RADIATION PYROMETERS 
Servo Corporation of America. Technical 
Bulletin TB 1372, 4 pp. Covers the com- 
pany’s line of industrial infrared radiation 
pyrometers for permanent installation or 
portable use. Provides complete specifica 
tions on the pyrometer head and control 
indicator 

412) TAPE PROGRAMMED ANALY- 
SIS. Mine Safety Appliances Co. Bulle 
tin No. 0714-5, 4 pp. Describes a new 
precision gas chromatograph and its tape 
programmed control unit. Photos and dia- 
grams illustrate the controller in a locked 
dust-proof housing, and the analyzer in an 
explosion-proof housing 

(413) DRY MATERIALS HANDLING 
Flo-Tronics, Inc. Bulletin FCD1-6008, 4 
pp. A large isometric drawing of a com- 
plete dry-bulk materials handling system 
indicates the many points at which con- 
trols are required. Text describes the ad 
vantages of the company’s centrally located 
control systems for use with this and 
similar bulk handling systems 

414) TRANSMITTER - RECEIVER 
Friden, Inc. Bulletin SP 8709, 12 pp 
Describes the advantages of the company’s 
Dual Teledata Taped Transmitter-Re 
ceiver in new tape operated communica 
tions equipment. Booklet contains several 
views of the equipment 

(415) SCOPE PLUG-IN UNITS. Tek 
tronix, Inc. Bulletin, 32 pp. Gives a de 
tailed presentation of all 16 presently 
available letter-series plug-in units for 
Tektronix oscilloscopes. Includes corn 
plete specifications and performance char 
acteristics with waveform patterns and 
other illustrative material 

(416) HOT GAS GYROS. Instrument 
Div., Lear, Inc. Bulletin GR 323, 4 pp. 
Deals with the design and performance 
characteristics of two-degree-of-freedom 
gyros, driven by hot gasses, and used to 
provide displacement reference for missiles 
during short term flights. 

(417) SERVOAMPLIFIERS. Magnetic 
Amplifier Div., The Siegler Corp. Catalog 
S-1169, 16 pp. Contains specifications and 
application data on the company’s com- 
plete line of servoamplifiers for both mili- 
tary and industrial uses. Products covered 
include push-pull saturable transformers, 
all magnetic and _transistorized-magnetic 
amplifiers, and miniaturized amplifiers, 
plus a line of transistor servoamplifiers. 
(418) PORTABLE OSCILLOSCOPES. 
Tektronix, Inc. Catalog, 16 pp. Gives a 
detailed presentation of the seven avail 
able ‘Tektronix oscilloscopes with 3-in 


JANUARY 1961 





DECISION MAKER 


for simplified monitoring, 


controlling, high-precision switching 


Normal /abnormal high/low go/no-go: these are 
important decisions being made by A.P.I. Very High Sensitivity 
Measuring Relays. 

Direct from sensory elements or circuits, the A.P.I. measuring 
relay makes a decisive “yes or no” decision on the basis of very 
close-tolerance voltage or current changes. In typical, critical 
applications, this measuring relay is saying “yes or no” on a change 
of +1 microamp; or in a 400- to 500-volt circuit, on a variation 
of only a few percent. 

Moreover, the relay is capable of actuating on very tiny cur- 
rents: for example, total inputs as small as 0.2 microampere or 
0.1 DC millivolt. It does so without signal amplification, amplifier 
costs or the signal distortion problems that often go along. 

Performance stability is inherent; reliability is exceptional due 
to the A.P.I. locking-coil design. On “make”, contact is firm with 
substantial contact pressure; contact resistance is low. On “break”, 
separation is clean and quick without contact teasing. 

10,000,000 perfect operations is not an all-time record; it’s a 
reasonable expectation of service life. 


Widely used for precision switching in computer, control and 
alarm circuits, VHS measuring relays are practically unlimited in 
scope of application. 


For more information, send for Bulletin 104-D. 


ASSEMBLY PRODUCTS, INC. 
Chesterland 77, Ohio 


S.A. 1903-4 
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SYNCHRONOUS 


For the first time you can obtain the 
power-packed performance of a military 
precision synchronous a.c. motor at 
commercial motor prices. This may be 
just the motor you're looking for to 
miniaturize your design while enhancing 
the performance of your high quality 
product — recorder, business machine, 
timer, or other motorized device. 

» Quick specs: Type CMC motor has a 
starting and running torque of .7 oz. in. 
at 1800 rpm. synchronous speed. 
Wound for 115 v.a.c., 60 cycles, it uses 
12 watts. It is 174,” in diameter by 25,” 
long, weighs 7 ounces. Terminal block 
is molded on. Shaft is precision ground 


stainless steel supported by life-lubed 


ball bearings. Epoxy sealed design pro- 
vides good resistance to normal environ 
mental conditions. Mount by clamping 
around motor 0. D. Please request Bul- 
letin CMC-1. Globe Industries, Inc., 1784 
Stanley Ave., Dayton 4, Ohio, BAldwin 
2-3741. 


GLOBE 
INDUSTRIES, 
INC. 


GLOBE 


UP-DATE 
Your File! 


Announcing 
DRESSEN-BARNES 
New 1961 Catalog 
Over 150 DC Power 

Supplies 
Over 50 New Modular 
Supplies 
Many New Modular 
Kit Arrangements 
Modified Standard 
Power Supplies 
Many New Mil-Spec 
Power Supplies 
Power Supply Selector 


Charts DRESSEN-BARNES CORP. 


250 N. Vinedo Avenue 


SEND FOR YOUR FREE 
COPY NOW 


CIRCLE 193 ON READER SERVICE CARD 
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Bulletins & Catalogs 


cathode ray tubes, including rack mount- 
ing models. Contains complete specifica- 
tions, performance characteristics, and 
pertinent illustrations. 

(419) RECORDERS & INDICATORS 
Minneapolis-Honeywell Regulator Co 
Catalog C15-la, 48 pp. New recorder cata 
log highlights modular design features of 
the company’s ElectroniK recorders and 
indicators. Sections cover strip chart re 
corders, circular chart recorders, precision 
indicators, primary measuring elements. 
(420) GUIDANCE SYSTEMS. Kearfott 
Div., General Precision, Inc. Bulletin, 8 
pp. Discusses the applications and per 
formance of the company’s systems and 
components for inertial guidance applica 
tions. Products covered include a light 
weight inertial autonavigator and its stable 
platform, floated rate integrating gyros, 
electronic integrators, amplifiers, display 
and control units, etc. 

(421) T’COUPLE SELECTOR 
SWITCHES. Thermo Electric Co., Inc 
Catalog 24-2, 4 pp. Deals with the design 
and operation of compact multipoint ther 
mocouple selector switches. Details cover 
rotary switches with 6, 12, or 24-point 
capacity; key switches for up to 144 points; 
and pushbutton models for up to 72-point. 
(422) FILLED THERMAL SYSTEMS. 
Minneapolis-Honeywell Regulator Co. 
Specification S-690-la, 12 pp. Covers 
bulbs, tubing, and fittings for filled system 
thermometers. Specification sheet gives 
details concerning sizes, lengths, materials, 
etc. for bulbs and tubings of gas, mercury, 
and vapor-actuated thermal systems. 
(423) TUNNEL DIODE APPLIED 
Sperry Semiconductor Div., Sperry Rand 
Corp. Bulletin No. 2106, 4 pp. Deals 
with the operation and applications of 
tunnel diodes. Bulletin discusses the sig 
nificant characteristics of tunnel diodes 
and their application in amplifiers, oscilla 
tors, and high speed switches. 

(424) PROXIMITY SWITCHES. Elec- 
tro Products Laboratories, Inc. Form 
EDPS-80, 8 pp. Provides a complete de 
scription of the firm’s entire proximity 
switch line as well as the basic technical 
information required to enable a prospec- 
tive user to determine the model best 
suited to his needs. Booklet also features 
a control amplifier selection guide which 
simplifies matching of the control ampli- 
fier with specific applications. 

(425) ON-STREAM ANALYSIS. Indus- 
trial Nucleonics Corp. Bulletin CA-860, 
12 pp. Bulletin describes the principles 
upon which continuous, noncontacting 
measurement of fluids in pipes is based. 
Includes sections devoted to the economic 
justification for this type of equipment, 
descriptions and drawings of system com 
ponents, as well as application data. 
(426) REGULATED POWER SUPPLY. 
Krohn-Hite Corp. Bulletin 201, 4 pp. 
Offers details on a new highly regulated 
transistorized de power supply. Brochure 
fully describes the instrument’s unusual 
features and design innovations and _in- 
cludes complete technical specifications 
for all available models. 
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ABSTRACTS 


Three on computing-control 


The session on Optimum Control 
of Chemical Processes at the Joint 
Automatic Control Conference, 
Sept. 9 1960, presented possible 
solutions to the generalized chemi 
cal processing model developed by 
Williams and Otto of the Monsanto 
Chemical Co. for the investigation 
of computer contro]. (AIEE Paper 
No. CP-60-119). 

Three papers were presented: 

1. “Dynamic Solution to a Gen- 
eralized Chemical Processing 
Model’, by R. E. Boydston, In- 
formation Systems, Inc. (AIEE 
Paper No. CP-60-970). 
“Considerations in the Design of 
a Dynamic Control System for 
Generalized Chemical Processing 
Model Considered as a Nonlinear 
System”, by A. E. Beecher and 
L. A. Gould, Electronic Systems 
Laboratory, Massachusetts Insti- 
tute of Technology. (Not pre- 
printed.) 

“Dynamic Optimization and Con- 

trol of a Stirred Tank Chemical 

Reactor’, by W..- Kipiniak and 

L. A. Gould, Electronic Systems 

Laboratory, Massachusetts Insti- 

tute of Technology. (AIEE Paper 

No. TP-60-982.) 

[hese reports emphasize the ex- 
treme complexity of even the simplest 
chemical processing systems when con- 
sidered as objects for dynamic optimi- 
zation and control. As a result, au- 
thors confined their attentions to the 
reactor and in effect ignored the re- 
mainder of the plant. The reactor is 
the most important piece of equip- 
ment in the model process. 

R. E. Boydston discussed the appli- 
cation of the dynamic control tech- 
nique proposed by Kalman and asso- 
ciates to a linearized version of the 
generalized model. His object was to 
use a digital computer as part of a 
plant control system to reduce to a 
minimum the time the reactor is 
operating off the optimum operating 
point after an upset in feed conditions. 

Boydston derived the necessary 
mathematical model to accomplish 
this and estimates that a machine of 
the capability of the Panellit 609 
would require about 1,000 memory 
words and approximately 1/30th of 
the available computing time to moni- 
tor and control the operation of a 
reactor such as described in the origi- 
nal model. Thus a single computer 
could handle several reactors in paral- 
lel with a scheme as proposed here. 
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power and band width... 


50 watts from dc to 500 kc with this 


new direct-coupled amplifier! 


NEW from Krohn-Hite: this unique combination of high power and 
bandwidth! The Model DCA-50 offers you the convenience of 50-watt 
amplification of all sources from dc to one-half megacycle, without the 
bother of changing amplifiers or bandswitching! 


The DCA-50’s low distortion— less than 0.2% — makes it the perfect 
complement for low-distortion, quality oscillators . .. for unexcelled 
performance over the entire frequency range. And by cascading two 
DCA-50’s, you get a full 100 watts of virtually distortion-free push- 
pull power! 


Output — to 450 volts peak to neak, to 2.5 amps peak to peak. Fre- 
quency response is flat to within one db, from dc to 500 kc. Stability is 
excellent for both output dc level and gain. 


So when you need power amplification, with high current, get the 
real flexibility of dc-through-rf bandwidth. And, because of the 
DCA-50’s low-distortion specifications, this direct-coupled amplifier 
is ideal for systems where variable frequency power is needed. Write 
for full information. 


Other Krohn-Hite amplifiers include the direct-coupled 10 watt 
DCA-10, and the ultra-low distortion (0.005%) 50 watt UF-101A. Also, 
Krohn-Hite Oscillators, Filters and Power Supplies. 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue + Cambridge 39, Mass. 


Pioneering in Quality Electronic Instruments 
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WHAT IS RELIABLERELAYABILITY? 
IT’S ELGIN ADVANCE’S ABILITY TO 
BUILD A RELIABLE QUALITY RELAY 
LIKE THE SENSITIVE MQ SERIES. 


THE MQ SERIES CRYSTAL-CAN-SIZE 
HERMETICALLY SEALED RELAY IS 
AVAILABLE IN THREE SENSITIVITIES 
TO MEET VARYING MILITARY AND 
INDUSTRIAL REQUIREMENTS. THESE 
CURRENT-OPERATED RELAYS COME 
WITH PLUG-IN PINS FOR PRINTED 
CIRCUIT USE, SOLDER HOOKS AND 
3-INCH LEADS AND A VARIETY OF 
MOUNTING ARRANGEMENTS. ALL 
CONNECTIONS ARE SPACED ON 0.2 
INCH GRID. 





SPEC MQA__MQB___MQC_ 
Pull-in Power 
(@ 25°C 250 MW_100 MW 50 MW 
Contact Rating 
(Res @ 28VDC 
or 115VAC) _2amps_1amp__1 amp 
Operating and 
Release Times 5 MS ea _6 MS ea 7 MS ea 
Shock 50G 35G 20G 
Contact Arrangement: DPDT 
Temperature Range:—65°C to +-125°C 
Dimensions: 0.875 in. h x 0.800 in. w x 

0.396 in. thk 
Weight: 0.6 oz. 


Life (at rated load): 100,000 operations 
minimum 


ELGIN ADVANCE 


Elgin National Watch Company 

















ABSTRACTS 


The papers by Gould and associates 
tackled the problem of the optimiza- 
tion of the control of the reactor con- 
sidered as a nonlinear system. Beecher 
and Gould discussed the possibilities 
of a dynamic optimization by digital 
computer control. By the methods of 
variational calculus they derived the 
set of Euler-Lagrange equations neces- 
sary to solve for the optimum correc- 
tion path for the reactor to follow after 
an upset. Since the solution of the 
Euler-Lagrange equations is itself un- 
stable, the set of equations must be 
continually resolved for the existing 
reactor conditions and a new path cal- 
culated before the last has reached 
its point of divergence. Such a cal- 
culation with 14 equations necessary 
to specify the reactor and its control is 
impossible in anything like real time 
with existing equipment. Therefore 
Beecher showed the applicability of 
his method by a simpler example. 

Kipiniak and Gould proposed a so- 
lution to the difficulty encountered 
by Beecher by solving the 14 dynamic 
optimization equations off-line on 
available computers for a variety of 
initial conditions. From these solu- 
tions a table of optimum controller 
actions to be taken for any possible 
reactor state away from the optimum 
condition is computed. By a table- 
lookup operation, a relatively simple 
control computer can then provide 
sophisticated dynamic optimized con- 
trol of the process. 

T. J. Williams 


500-deg C magamp 


From “High Temperature Magnetic 
Amplifiers (400 Cycles per Sec- 
ond)”, by Westinghouse Electric 
Corp. for Wright Air Development 
Division, U.S. Air Force. Available 
from Office of Technical Services, 
U.S. Dept. of Commerce, Wash- 
ington 25, D. C. as PB 161762, 
121 pp., $2.75. 


Materials and techniques have been 
developed for use in designing a 400- 
cps magnetic amplifier capable of 
satisfactory operation over an ambient 
temperature range of minus 65 to plus 
500 deg C during vibrations at fre- 
quencies and amplitudes representa- 
tive of airborne environments. The 
report concludes that certain develop- 
mental areas must be _ investigated 
further before economical production 


MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 
1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant forque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


Sewoapecd 


DIV. of “ELECTRO DEVICES, Inc. 
4 Godwin Ave., Paterson, N. J 


ARmory 4-8989 
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2435 N. Naomi St., Burbank, California of high temperature units is possible. 
The amplifier represents the present 


state of the art in materials. 
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PREMIUM 
PRICE 


BUDD LOAD CELLS 


e Maximum zero shift with temper- 
ature: +0.0012% of rated load per °F. 


e Maximum sensitivity change with 
temperature: +0.0007% of rated 
load per °F. 


e Initial zero balance: within +1% 
of full scale. 


e Accuracy of output adjustment: 
+0.1% @ 75°F at rated load. 


e Cable: 10 feet long, waterproof; 
4-conductor, Kel-F insulation with 
tinned copper braid shield (floating) 
and PVC jacket. Stainless steel braid 
overall, grounded to cell housing. 


Series LCD (compression) available 
in 9 capacities, 500 to 200,000 Ibs. 


Series LUD (universal) available in 
8 capacities, 500 to 100,000 lbs. 


Series LCJ (compression) high lin- 
earity type; available on request. 


Write for complete specifications 


msreumenrs Ms 


oN MDEMEMER 0510" 
(AB THE BUDD COMPANY 
Kp) —~P.O. Box 245 « Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, 
Ga.; Oak Park, Ill.; Detroit, Mich.; Seattle, Wash.; 
Dallas, Tex.; Los Angeles, Calif. 

In Canada: Budd Instruments, Ltd., 170 Donway 
West, Don Mills, Ont. 

Other Countries : Budd S.A.,10 Avenue de la Grande 
Armée, Paris 17°, France. 


CIRCLE 195 ON READER SERVICE CARD 
JANUARY 1961 


)-IN-ONE 


AMCO ENCLOSURE SYSTEM 


Provides Cooling, Mounting and Lighting 
in Modular Enclosures for Electronic 
Instruments in Any Installation 


No one type of enclosure meets all environmental and 
physical demands. AMCO has developed 3 complete 
systems integrated into 1 system with interchange- 
able accessories, applicable for both commercial and 
military use. 


CUSTOM...When space and appearance are critical 
...16 ga. double-channel steel frames, based on 
increments of 19%," widths, supports in excess of 3000 
lbs. Multi-width panels and cowlings give single-unit 
appearance with series mounted racks. Meets EIA 
Standards. 


SEMI-CUSTOM ... Heavy-duty, more internal clear- 
ance... 14 ga. box-channel steel frames, 12 ga. gusset- 
ing provides exceptional rigidity both front-to-back 
and side-to-side. Frames based on 22!%" increments 
provides clearance for recessing 19” wide panels. 
Meets EIA Standards. 


ALUMINUM...Unique! Meets any size...almost any 
configuration from 6 basic parts... 3 castings and 3 
extrusions. Any size from 6” to 20 ft.; any slope from 
0° to 90° is standard. Mil Specs strength and material 
(6061-T6 extrusions and 356-T6 castings). 

Amco manufactures all necessary blowers, chassis 
slides, doors and drawers, writing surfaces, cowling 
lights and other accessories. Check the extra sav- 
ings you get thru Amco's combined-discount system 
of racks and accessories. PLUS FREE ASSEMBLY. 


Amco is your one complete source of Modular Instru- 
ment Enclosure Systems and Accessories. Write today 
for catalog of complete specifications. 


=a Cea 


REALISTIC 3 WEEK DELIVERY 





Factory trained representatives in principal cities 


© of U.S. and in Canada. 
Find AMCO ENGINEERING CO. 


7333 West Ainslie Street, Chicago 31, Illinois 
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NEW DAVEN 
TRANSISTORIZED 
CONVERTERS 


REPLACE 
DYNAMOTORS! 


e Virtually no maintenance 
e Half the dynamotor’s weight 
e@ No brush replacement 
e DC to DC and DC to AC models 


Write today for complete information 


ue DAVEN c-. 


LIVINGSTON, NEW JERSEY 


Today, More Than Ever, The Daven (0) Stands For Dependability 
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impedance 
converter: 


A CATHODE FOLLOWER 
FOR GROUNDED 
PIEZOELECTRIC PICKUPS 


NOW...you can buffer piezoelec- 
tric transducers, other high 
impedance signal sources from 
such instruments as: recorders; 
preamps; instrument amplifiers 
and other low Z devices. 

















PIEZOELECTRIC | COMUENTES 
TRANSDUCER Ba mo AMPLIFIER RECORDER 


( follower 
































Input impedance: 1,000 M®. 
Bandwidth: 1 cps to 100 kc. 
Double isolation: 10,000 Mw, 


4 upf. 
CMR: 130 db to 100 cps. 
Driven inner shield of triaxial 
input allows long input cables. 


“The Source for Noise-free Instrumentation” 


@> COMPUTER ENGINEERING 
ASSOCIATES, INCORPORATED 


Write today 350 NORTH HALSTEAD 


for our PASADENA, CALIFORNIA 
Bulletin 


i= 3) SCE-1 ELGIN 58-7121 
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NEW BOOKS 


Sticks to Laplace 


HANDBOOK OF LAPLACE TRANSFOR- 
MATION, F’, L. Nixon. 115 pp. Pub- 
lished by Prentice-Hall Inc., Engle- 
wood Cliffs, N. J. $6.00. 


Reversing the trend apparent im 
many new books on over-all mathe- 
matics for the control engineer, the 
author of this handbook has selected 
one useful topic, covered it in good 
detail, and done it well. The author’s 
preface echoes some of this reviewer’s 
thoughts on the book, so it is fitting 
to quote Mr. Nixon’s words: 

“In recent years there has been 
widespread usage of linear differential 
equations to describe engineering and 
physical problems. Laplace transfor- 
mation techniques have thus become 
an indispensible tool for engineers, 
mathematicians, and physicists, and 
this Handbook is intended for these 
people. The extensive table of Laplace 
transform pairs located in Section VI 
is coded so that the user can find the 
exact pair he wants immediately. For 
those who are somewhat rusty on 
Laplace transform usage, Section V 
contains numerous examples which 
illustrate how the Laplace transform 
method is used. Section III contains 
the derivation of many Laplace trans- 
form theorems, and is written so that 
one who has not been exposed to 
Laplace transform theory can teach 
himself. The author has found that 
where many are familiar with deter- 
minants, few remember or use deter- 
minant manipulating techniques. Yet 
by using these techniques much time 
can be saved. Hence, a section is 
also included on determinants. Com- 
monly used identities and root finding 
methods are also included for the 
convenience of the reader.” 

Regarding the detail with which the 
author treats the examples given in 
Section V, one example covers an 
electrical network that is described 
by three simultaneous differential 
equations when the switch is closed 
and two when the switch is opened. 
Nine pages.are devoted to solving this 
problem, thus indicating that self-help 
readers can indeed follow through 
each of the needed solution steps. 

For the table of Laplace transform 
pairs, the five-digit coding system is 
quite unique: the first digit indicates 
the power of s (of the polynomial 
fraction in s) which can be factored 
out of the numerator, the second 
indicates the order of s in the nu- 
merator, the third indicates the power 
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of s which can be factored out of the 
denominator, the fourth the number 
of real» roots’ in -the denominator 
distinct from zero, and the fifth the 
number of pairs of complex roots in 
the denominator. HRK. 


Introductory treatment 


STATISTICAL PROCESSES AND RELI- 
ABILITY ENGINEERING. Dimitris N. 
Chorafas. 438 pp. Published by 
D. Van Nostrand Co., Inc., New 
York. $12.75. 


In this book the author explains 
the reasoning behind a broad range of 
statistical concepts and tools that have 
proven useful to engineers and mathe- 
maticians in industry and research. 

The book is organized into six 
major parts. The first gives an intro- 
duction to the mathematical tools of 
statistical techniques such as measure- 
ments, errors, statistical distributions, 
statistical inference, and others. The 
next covers statistical experimentation, 
including topics like analysis of vari- 
ance, Latin squares, confidence limits, 
and factor analysis. The third part 
treats stochastic processes and proba- 
bility theory in relationship to sym- 
bolic logic and the algebra op The 
Monte Carlo method, statistical inde- 
pendence, and queuing theory are 
among the topics considered. 

A section on information processes 
introduces some of the basic concepts 
of cybernetics, transmission, noise, 
and information theory. The fifth 
section deals with the very practical 
subject of quality control in terms of 
inspections, samplings, OC curves, 
as well as some special topics. The last 
section discusses reliability engineer- 
ing in the light of the statistical meth- 
ods presented earlier. It is brought out 
that satisfactory reliability requires 
a system design with all components 
having nearly equal life expectancy. 

For a book of this size, the range 
of topics is quite impressive. However, 
there is not sufficient detail for the 
book to be considered a text for be- 
ginners in this field, nor is the presen- 
tation such that the volume would 
serve as a handbook. A lack of ade- 
quate references prevents the reader 
from exploring the various topics more 
thoroughly once his interest has been 
aroused by the introductory treatment. 

In summary the book furnishes an 
introduction for the manager or engi- 
neer desiring a familiarity with the 
increasingly important topics associ- 
ated with statistics. The book would 
also be of interest to specialized work- 
ers wanting a broader view of the 
applications of statistical methods. 

Marvin P. Pastel 
U. S. Naval Postgraduate School 
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Seneca Falls Mechanical 
Power Amplifier with two 
phase Servo Motor as con 
trol input device. 


The Seneca Falls MECHANICAL 
POWER AMPLIFIER is a simple, 
power servo drive in striking con- 
trast to the more complex electri- 
cal and hydraulic devices. Years 
of Service in rugged applications 
prove its dependability, long life 
and negligible maintenance, 


MACHINES EXTRUSION 
DIES AUTOMATICALLY 


With “muscle” supplied by the 
Seneca Falls Mechanical Power Am- 
plifier and “brains” supplied by a 
two dimensional tracer system, this 
tiny tool machines the minute open- 
ings in dies for extruded moldings. 
A .020” diameter stylus point traces 
the intricate shapes required. Hand 
work is eliminated. 


Whatever your control problem, in- 
vestigate this simple, easily maintained 
Power Servo Drive that will amplify 
torque from any control input device. 
Its excellent dynamic response per- 
mits the design of high sensitivity 
control systems. Write for Technical 
Bulletin EE 1009. 


SENECA FALLS, MACHINE CO. 
ELECTRONICS DIV. ¢ SENECA FALLS, N. Y. 
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new 
S TEP-SERVO 
0010) C0) aire 
controllers 


FOR RELIABLE 
DIGITAL / ANALOG 


CONVERSION 


Way ES aad 


SIZES 5-8-11-15-23 
IN STOCK; OTHERS 
AVAILABLE 


Convert 
pulse data to accurate 
shaft rotation without feed- 
back circuitry. Patented control 
logic steps bi-directional motor in 
45°, 90°, 180° or 360° increments 
up to 250 pps. Magnetic detenting 
eliminates wear and shock-loading. 
Accuracy to minutes of arc per step 
is possible with available gearheads. 
Also used to convert analog input 
to pulse data by addition of gat- 
ing circuit. Designed to MIL- 
E-5400C and MIL-E- 
5272B. Write for 
catalog. 


JAL 


AUTOMATION 
DEVELOPMENT 
CORPORATION 


11824 JEFFERSON BLVD 
CULVER CITY, CALIF. 
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MEETINGS 


JANUARY 


Symposium on Thermoelectric En- 
ergy Conversion, sponsored by IRE, 
AIEE, and others, Statler Hotel, 
Dallas, Tex. Jan. 8-12 

Seventh National Symposium on Re- 
liability and Quality Control, spon- 
sored by IRE, AIEE, ASOC, EIA, 
Bellevue-Stratford Hotel, Philadel- 
phia, Pa. Jan. 9-1] 

16th Annual Symposium on Instru- 
mentation for the Process Indus- 
tries, Texas A&M College, College 
Station, Tex. Jan. 26-28 

American Institute of Electrical En- 
gineers, Winter General Meeting, 
Statler-Hilton Hotel, New York 

Jan. 30-Feb. 3 


FEBRUARY 


Institute of Radio Engineers, Second 
Winter Military Electronics Con- 
vention, Biltmore Hotel, Los An- 
geles, Calif. Feb. 1-3 

Eighth Annual International Solid- 
State Circuits Conference, spon- 
sored by IRE, AITEE, and Univer- 
sity of Pennsylvania, University of 
Pennsylvania Campus and Sheraton 
Hotel, Philadelphia, Pa. Feb. 15-17 

Petrochemical and Refining Exposi- 
tion, 44th National AIChE Meet- 
ing, Roosevelt Hotel, New Orleans, 
La. Feb. 26-March 1 


MARCH 


Instrument Society of America, 11th 
Annual Spring Conference on In- 
strumentation for the Iron and Steel 
Industry, Roosevelt Hotel, Pitts- 
burgh, Pa. March 8-9 

American Institute of Electrical Engi- 
neers, Second Symposium on Engi- 
neering Aspects of Magnetohydro- 
dynamics, University of Pennsyl- 
vania, Philadelphia, Pa. March 9-10 

Institute of Radio Engineers, Interna- 
tional Convention, Coliseum and 
Waldorf Astoria Hotel, New York 

March 20-23 

American Society for Metals, 13th 
Western Metal Exposition and 
Congress, Pan Pacific Auditorium, 
Los Angeles, Calif. March 20-24 

Temperature—Its Measurement and 
Control in Science and Industry 
(Third National Symposium), spon- 
sored by American Institute of 
Physics, ISA, National Bureau of 
Standards, Columbus, Ohio 

March 27-31 
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The Lincoln Laboratory, 
Massachusetts Institute 
of Technology, 
announces a major 
expansion in its 
program. 

We urgently request the 
participation of senior 
members of the 
scientific community in » 
our programs in: 


RADIO PHYSICS and ASTRONOMY 


SYSTEMS: 
Space Surveillance 
Strategic Communications 
integreted Data Networks 


NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 
Techniques 
Psychology 
Theory 


INFORMATION PROCESSING 


SOLID STATE Physics, Chemistry, 
and Metallurgy 


e A more compliete description of 
the Laboratory's work will be 
sent to you upon request. 


Research and Development 


LINCOLN 
LABORATORY 


Massachusetts institute of Technology 
BOX 30 


LEXINGTON 73, MASSACHUSETTS 
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Another 


electromechanical 


problem solved by 
AiResearch 


o. 


ad " 
; 
- 
<r 


This ram air scoop is anoter - WITH GURLEY RESOLVER TEST STAND 


example of AiResearch’s ability to 


design and integrate structural and 
electromechanical systems for con- 
trol functions. 

Through its use, air is provided 
for emergency cabin pressurization 
and the cooling of electronic com- 
ponents. The unit is composed of a 
retractable aluminum ram air 
scoop, extended and withdrawn by 
a 400 cycle rotary actuator, a self- 
contained 350 watt heating element 
and an integral check valve. 

The most experienced company 
in the development and production 
of control systems for airborne and 
ground use, AiResearch has the 
ideal facilities and know-how to 
handle problems concerning elec- 
tromechanical systems and com- 
ponents of all types for aircraft, 
ground handling, ground support 
and missile systems. 


OTHER ELECTROMECHANICAL 
COMPONENTS AND SYSTEMS 


The new Gurley Resolver Test Stand solves the long- 
standing need for a reliable instrument in production 
tests of resolvers, synchros, potentiometers and other 
such equipment. 

The Gurley Model 7530 test stand is a precision 
shaft-positioning device, consisting of an optical co- 
incidence reading system with + 2 second accuracy, 
a rack and gear for precise shaft positioning, and an 
adaptor plate and coupling. 

In use, the unit under test is mounted on the adaptor 
plate and is connected to the shaft of the test stand 
by a miniature flexible coupling. The shaft system is 
then quickly adjusted to an approximate angular po- 
sition by means of the rapid drive disc. Accurate final 
positioning is accomplished with a slow motion drive. 
The angular position of the shaft is read directly to 
the nearest second of arc. 

For an illustrated bulletin, write on your letterhead 
to Industrial Division, W. & L. E. Gurley, 537 Fulton 
Street, Troy, N. Y. 


AC and DC Motors, Generators and 
Controls * Static Inverters and Con- 
verters * Linear and Rotary Actuators » 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors * 
Programmers * Missile Launchers + 
Radar Positioners * Power Supplies 
Williamsgrip Connectors 


Your inquiries are invited. 


THE & CORPORATION 
AiResearch Manufacturing Division 


Los Angeles 45, California 


W.& L. E. GURLEY 


TROY, N.Y. 
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WHAT'S AVAILABLE 
IN REPRINTS 


COMPUTERS AND PUR yee 
ollowing reprints have 
CONTROL SYSTEMS been prepared to make impor- 


ARS Re Oe tant reference-type editorial ma- 
- | terial available to CONTROL 
NUMERICAL MACHINE CONTROL “ 
HYBRID ANALOG-DIGITAL SYSTEMS ENGINEERING readers a 
ADVANCED TECHNIQUES convenient filable form. Single 
copies of any reprint can be ob- 


Engineers and scientists needed with experience in all phases of tained at the nominal cost listed 
analog and digital computer design. Systems organization, logical below by circling the corres- 
design, transistor circuitry, magnetic core and drum memories, di ’ b d 
input-output equipment, packaging. Also advanced techniques pon ing numbers on 4a rea er 
such as tunnel diodes and thin films. Applications include service card, Pp. 161. Don’t send 
airborne digital equipment, numerical machine control, and money with card, we will bill 
hybrid analog-digital systems. Both commercial and military 3 ‘ : . ae 
Pricer vi | you later. For multiple copies 
applications, emphasizing advanced development and research. diag 1 

We think you will find this work unusually stimulating and write Reader Service Dept. 


satisfying. Comfortable and pleasant surroundings in suburban Quantity rates will be quoted on 
Detroit. request. 





if interested, please write or wire A. Capsalis, 
Research Laboratories Division, The Bendix Corporation 
Southfield, Michi ° - ; , > 
ee — 506—What You Should Know About 
Adaptive Systems, 17 pp. Is there such a 


Research Laboratories Division thing as an adaptive control system? 


SOUTHFIELD, MICHIGAN en ji What approaches have been taken? What 
does the future hold? These are the ques 
tions the author answers in this three 
article reprint, in sufficient detail and with 
sufficient references to provide a_ basi 
grounding in this latest area of control 


REC’s 800 SERIES, | engineer interest. 50 cents. 





505—The Basics of Optimam Response 

PRESSURE TRANSDUCERS TR ANSISTOR aly Meviek, 17 we. Tades pak patios 
summarizes all of the important design 

techniques that have been used to op 

Feature @ FAST RESPONSE SWITCHING SYSTEMS timize the response of relay setvos. The 

: @ HIGH ACCURACY reprint describes the development of th« 

, ie @ VERY LOW HYSTERESIS optimum switching criteria, and outlines 


ee RI DSR Aa SPECIAL REPORT IN the progress that has been made in im 
Le 


SHOCK & VIBRATION plementing this theory with hardware for 


second-order and higher-order systems 

MARCH CONTROL Extensive references provide a guide fot 
further study. 50 cents. 

504—System Characteristics of Modern 

Guidance Techniques, August 1960, 22 

pp. In this special report five experts from 


three companies cover the system charac- 

y . + . TH: avios y 4 ‘e 
Watch for the 24-page report in preg 8: eee Ses ages = 
March on industrial transistor pero PP aie of <“ pest > = and “a 
switching systems—the first full bec 8 ce A roraleng es ake ia 

nan ’ Page ee ceptive gui € systems. ents. 

REC’s Model 800C Capacitance Type Pressure ti eatment of a topic which is S03. How to Determine Stream Analy- 
Sensor utilizes a free-edged, circular diaphragm of having such impact on the field 4 ae oy. 
Ni-Span C, Full seale ranges are from 1 to 100 psi of logic and switching zer Dynamics, 8 pp. This package of two 
and differential or absolute pressure measurements . articles shows how analyzers can introduce 
oan be manda. The author is John Sturman, of dynamic errors, how to determine analyzer 

The 15 psi range features 100 percent overpres- NASA. a leading expert on the dynamics, and how to improve perform- 
sure, no resonances less than 2500 cps, and a Oe : - ‘ - hes 3 oft lifferential 
pneumatic greater than .004 seconds. Maximum subject. He covers circuitry fun- ance. The instrument used 1s a differentia 
excitation voltage is 110V rms and the capacity damentals; available switching refractometer but techniques can be extra- 
ratio change is such as to directly produce an modules and systems; tips on polated to other types of analyzers. 40 
output equal to 25 percent of this voltage. ° ° > : 

system design and applications. cents. 
Write for Bulletin No. 36010 : t , 502—Survey of Dynamic Display Tech- 
It’s a thorough, basic guide for niques, 20 pp. The function of these 
MOUNT year-round reference . . . and pro- newly developed techniques is to put up- 
ROSEMOU ine tien ada Sar inhapaahed yd 1 tec 
vides the occasion for wmvlereste to-date information in the hands of human 
ENGINEERING a. gh gga read- operators of control systems when_ the 
ers fe) oO hy 

COMPANY = — 


u - . in information changes at a high rate. Both 
MARCH CONTROL ENGI- basic approaches and commercial hard- 
NEERING. 


; ware are discussed for cathode ray tube 
MINNEAPOL 24 | z 7 be 
displays, optical systems, and miscellaneous 
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REPRINTS cont'd 





devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 
Explains operation and gives practical ap- 
plication hints for six precision aren 
transducers: pin-and-paw! mechanism, 
magnetic bench-mark system, resolver- 
type transducer, electrostatic transducer, 
coded-disc devices, and diffraction gratings. 
30 cents. 

500—Ready Reference Data Files—I, 
II, Il, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Conrror 
Encineerinc through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
rial. $1.35. 

499—Ready Reference Data Files—IIl, 
28 pp. Includes the third dozen Data 
Files published in Conrrot ENGINEER- 
inc. Topics range from control of metal 
properties with eddy currents to electri- 
cally signaled valve actuators to stabiliza- 
tion of sampled data systems. 60 cents. 

498—Ready Reference Data Files—H, 
24 pp. Includes the second dozen data 
files published in ControLt ENGINEERING. 
lopics covered range from analyzing hy 
draulic servos graphically to using silicon 
diodes as protective devices. 50 cents. 

497—Ready Reference Data Files—I, 
24 pp. A must for every control engineer's 
library. Includes the first 12 data files 
published in ContTroL ENGINEERING—a 
diversity of topics from system reliability 
through the cost of industrial temperature- 
measuring systems Each one gives a 
method of solving a particular problem 
50 cents. 

496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors Discussions of un 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 

495—Transparent Template for Design- 
ing Servo Compensators, November 1959, 
3 pp. plus template. Includes transparent 
decibel vs phase angle template on clear 
acetate in addition to three-page Data 
File outlining development of template 
and showing its use through sample 
problem. 75 cents. 

494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory into practice 
Fight simple rules make locus construc- 
tion easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how to 
use locus techniques with multiloop sys- 
tems. 45 cents. 

493—Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those who 
order all three parts (I, II, and III) of 
Analysis Instrumentation Series: 17 per- 

(Continued on page 178) 
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MINI-TEL 


all-solid-state telemetry 
sub-carrier discriminator 


For ‘‘quick-look"’ analysis of FM telemetry data, the Precision MINI-TEL 
sub-carrier discriminator packs a surprising amount of usefulness into an 


exceptionally small space. 


In its compact (less than 1 2 cubic feet) single-module package, occupying 
only 10 2 inches of rack space, the MINI-TEL provides up to 14 IRIG 
discriminator plug-in units, power supply, and output level monitor meters. 
Initial cost, maintenance, and power drain are exceptionally low. 


Write for your copy of Bulletin 60 for details. 


PRECISION INSTRUMENT COMPANY 
1O1ll Commercial Street * San Carios «+ California 
Phone LYtell 1-444! . TWX: SCAR BEL 3O 


REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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EE! 


PUG 
MASTER 
FANN ROT e: 
721) 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS * SHAFTS* COLLARS* CLUTCHES « 
BEARINGS» COUPLINGS « DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts 

& Components, 


Send For Your 
Copy Today. 


PIC DESIGN CORP. 
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Teflon* Stops Plunger Sticking! 


‘the MACK phaertltron 


(pronounced fair-tel-tron) 


MERCURY RELAY 


(Reg. U.S. Pat. Off.; Other Pats. Pending) 


the only mercury relay with a Teflon 
plunger-bearing surtace. It assures swift 
silent, positive responses, increases an 
already long life 


Wherever extremely long life and reliable per- 
formance are the primary considerations, you will 
find a MACK Phaertitron mercury relay .. . a 
quality component of superior dependability for 
instrumentation. 


For additional information and a test sample, 
write, wire or call 


VEIL Electric Devices, 


inc. 
Box 98, WYNCOTE, PA. Phone: TUrner 4-8123 
“Du Pont trade name for Tetrafuoresthyiene Resin 
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cent discount on 112 pages of timely 
technical information for process control 
engineers. $1.75. 

492 — Analysis Instrumentation — III — 
Electrochemical Methods, Mass Spectrom- 
etry, Continuous Viscometers, X-Ray 
Techniques, K-Capture, Physical and 
Chemical Property Testers, Emission Spec- 
troscopy, 48 pp. Reprint includes last 
nine articles of Analysis Instrumentation 
Series. 90 cents. 

491—Analysis Instrumentation—II—Re- 
fractometers, Infrared Analyzers, Ultra- 
violet Analyzers, Colorimetry, 32 pp 
This includes the second group of four 
articles of the Analysis Series. 60 cents. 

490—Analysis Instrumentation—I—Nu- 
clear Magnetic Resonance, Chromatog- 
raphy, Radioactivity, 32 pp. Reprint 
consists of first 4 articles of Analysis 
Instrumentation Series: a general introduc 
tion and detailed discussions of the three 
analysis techniques. Emphasis is on basic 
principles, practical tips, and the use of 
these techniques in automatic process con 
trol. 60 cents. 

489—Fundamentals of Multivibrators, 
12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome 
chanical relay and can perform substanti 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
speeds. They can be built around vacuum 
tubes, transistors, square-loop magnetic 
materials, neon tubes, thyratrons, and 
crvotrons. This reprint covers a broad 
selection of multivibrator circuits. 45 
cents. 

485—A Roundup of Control Svstem 
Test Equipment, 24 pp. Specialized con 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval 
uating response, and 3) devices that only 
evaluate control system response. 60 cents 

487—Survey of Ac Adjustable-Speed 
Drive Systems, June 1959, 16 pp. Re- 
garded as constant speed devices, multi 
speed ac actuators actually take many efh 
cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys 
tems prompted this comprehensive cover- 
age of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec 
tion, and the use of eddy-current coup- 
lings. 50 cents. 

486—A New Way to Select the Best 
Control Valve, 16 pp. This three-article 
reprint takes a fresh look at the problem 
of specifying process flow control valves 
The author gives rules for selecting the 
tight valve characteristics based on static 
and dynamic considerations, takes into ac 
count the influence of piping on valve per- 
formance, and tackles the problem of siz- 
ing valves for maximum flow and for con- 
trol rangeability. 50 cents. 

485—Fundamentals of Tie-Motor Con- 
trol, 12 pp. Although high powered 
synchro-tie systems have been around 
for a long time, only recently has enough 

(Continued on page 180) 
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PUNCHED TAPE 
BLOCK READER 


A versatile input device for 
numerically controlled systems 


Tape: Standard 1 inch 5, 6, 7 or 
8 levels, paper or Mylar. 
Up to 30 lines per reading 
(240 bits.), or more. 

Up to 10 frames per second. 

Triple wire brush contacts, 

rated at 50V and 50mA non- 

inductive. 

Performance: Tested for 500,000 readings 
without error. Automatic re- 
tract of reading head when 
changing tape. 


$1200. (12-line reader). 


WANG LABORATORIES, INC. 


12 Huron Drive, Natick, Mass. 
OLympic 3-3910 
CIRCLE 199 ON READER SERVICE CARD 


Capacity: 


Speed: 
Output: 


Price: 


ALL Dicits 
CAN BE 
READ FROM 


firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 


PRICE 
COMPLETE 
$ s” 
QUANTITY PRICES 

ON REQUEST 


Binary-To-Decimal WRITE TODAY FOR 
Decoders Available. compete SPECIFICATIONS 


Representatives in principal cities 


CIRCLE 200 ON READER SERVICE CARD 
CONTROL ENGINEERING 





Chackli ist oF : 
mee 6UANELE X° 
green = ie 
Series 4 High Speed Printers 


INDUSTRIAL ELECTRONICS 
HANDBOOK 0000000000206d«CUWUmUCMOUCUOWUOWULcOUlcOlLCO CUO 


A reliable guide to the field of in- 
dustrial and military electronics 
covering proven techniques, circuits, 
and applications. Edited by Ww. D. c o M - L E T E L Y R € 0 Ee s ! G N Ee Do 


Cockrell, Gen. Elec. Co. 1408 pp., 


969 illus., 149 tables, $22.50 TO SUIT YOUR DEMANDS 


ELECTRONICS AND If you are concerned with data processing . . . as a systems 
Pharr le ogee Pa designer or builder or user... you probably helped us 
can tanedinn en ee cee redesign these High Speed Printers. We surveyed the 
Cooke Eng. Co.; and J. Markus, Mc- 


Graw-Hill Book Co. 542 pp., 452 market; this is what you: told us you want. 
illus., $12.00 


THE CRISIS WE FACE 
Automation and the Cold Wor 


Just Out. Analyzes the effects of 
automation on American business 
and our military safety. By G. 
Steele, Computer Consultant; and 
P. Kircher, Univ. of Calif., is 
Angeles. 220 pp., $4.95 





RADIATION HYGIENE 
HANDBOOK 

Helps you classify, detect, measure, 
and eliminate radiation hazards. 
Edited by H. Blatz, Radiation Con- 


sultant, City of New York. 926 pp., 
269 illus., 213 tables, $27.50 


MOTOR SELECTION 
and APPLICATION 


Shows you how to select and use 
industrial motors based on your job 
requirements. By C. Libby, Fair- 
banks, Morse & Co. 512 pp., 222 
illus., $13.50 


INFRARED RADIATION 
From basics to applications—full, 
practical guidance on infrared radi- 
ation—-what it is, what it does, how 
it is used. By H. Hackforth, North- 
rop Aircraft Corp. 303 pp., 172 illus., 
$10.00 
SIMPLIFIED ENGINEERING — for lower Up to 66 characters per col- 
cost and increased reliability 7 umn, Series 4-1000-SD. 
ime-tested features 0’ : 4 ‘ 
ULTRASONICS . i $ = 9 print rs. Print on single or multiple car- 
Gives you practical engineering nelex Printers. bons, pressure sensitive papers 
guidance in today’s design techni- - i 
ques and applications of ultrasonics. | SIMPLIFIED CONTROLS — Anelex heat transfer type papers, card 
B. Carlin, Circo Ultrasonics Printers are now easier to operate stock and almost every type of 
2nd Ed., 309 pp., 263 illus., | than almost any other office continuous pre-printed form 
machine. from 4” to 19” wide. 
. VERSATILITY — 
[ Series 4-1000-SD, prints 1000 
or more consecutive lines per 
Send me book(s) checked below for ‘oc days’ exam- | Ss 3, “sereyeennennd papa 
ination on approval. In 10 days I will remit for | s; 2000 li u Tic. 
pe ee 8 Series 4-500-DD, prints 500 or QUALITY PRINTING — perfectly 
delivery costs if you remit with this coupon—same more consecutive lines per min-  @/!8ned prin my be zu , nd all 
return privilege. ) ute of alphanumeric charac- characters on the original and a 


C) Cockrell—tnd. Elec. Hdbk., $22.50 - 1000 li : : carbons. 
C) Cooke & Markus—Elec. & Nucleonics Dictionary, ters; 1 lines numeric. This 


$12.00 series provides very substantial : 
ee ee he $4.95 cost reduction. RELIABILITY — downtime reduced 
Radiation Hygiene Hdb “A 


| 

| 

| 

| 

| 

| 

| 

Bs betes SI 9 oo Line length, 120 columns; to an insignificant fraction of 
| 
| 
| 
| 
| 
| 
| 
| 


Print “on line” from data proc- 
essing systems or “off line” 
from magnetic tape. 


| ne atte greater or lesser number of productive time even under tre- 
(PRINT) ; columns available. mendous work loads. 

Name e6cesccee 

BERNIE evietc eked bkide saad 


For more complete information, write for brochure, 
“Series 4 High Speed Printers”. 


Company . J 

sion bi — anecex\ ‘ANELEX CORPORATION 
For price and terms outside U.S. | 154 CAUSEWAY ST., BOSTON 14, MASS. 
write McGraw-Hill int'l. N.Y.C. CON-1 
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CAREERS FOR: 
MECHANICAL ENGINEERS 
ELECTRO-MECHANICAL ENGINEERS 


APPLIED PHYSICISTS 
in research—development—design 


Opportunities exist at Bendix Research Laboratories for 
stimulating work in the following areas: Fluid Power 
Servo and Dynamic Analysis ¢ Hydraulic and Pneumatic 
Servo Controls © Thermodynamics and Heat Transfer ¢ Hot 
Gas Devices ¢ Material, Lubrication, Wear and Friction. 

You will find this work unusually stimulating and satisfy- 
ing. Comfortable and pleasant surroundings in suburban 
Detroit, with opportunity for advanced study at nearby 
universities. 


Ta pe Controlled M illing Machine Hydraulic Servo Motors 


If interested, please write or call (collect) A. Capsalis, 
Research Laboratories Division, The Bendix Corporation 
Southfield, Michigan. Phone: KEnwood 7-3300 


Research Laboratories Division 
SOUTHFIELD, MICHIGAN 


REPRINTS cont'd 


experience been logged to put their de- 
sign on a scientific, rather than cut-and 
try basis. This reprint examines the types 
of motors that can be used in the light of 
the application characteristics, and con 
siders the special circuit designs that are 
required. 30 cents. 

484—Applying Phase-Plane Techniques 
to Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work 
uig system designers, on a practical rather 
than theoretical basis. It tells how to con- 
struct a phase-plane plot, interpret a plot 
in terms of system performance, and syn 
thesize nonlinear systems using phase- 
plane techniques. 50 cents. 

483—Economics in Control, December 
1958, 24 pp. A special report covering the 
economic aspects of modernizing with 
control systems. It starts off with a guide 
to the financial factors of modernization, 
then tells the control engineer how to 
spot opportunities where the addition of 
instrumentation and control equipment 
will earn money, and concludes with nine 
case histories showing specific benefits of 
modernizing with control systems. 50 
cents. 

482-Static Switching Devices—New 
Tools for Industrial Control, May 1957, 
28 pp. An independent consultant an- 
alyzes the complete field of industrial 
static-switching systems. Starting off with 
a review of basic switching logic, he covers 
circuit characteristics of the fundamental 
devices, commercially-available systems, 
actual applications, etc. 50 cents. 

480—Selecting and Applying Control 
Timers, 24 pp. A compilation of four 
articles including a tabular description of 
timer functional parts, criteria for selecting 
and applying control timers, a tabular list- 
ing of available timer types and their char 
acteristics and techniques for custom-de 
signing controls for time-based routines. 
50 cents. 

78—Servo Modulators—Their Applica- 
tion, Characteristics, and Availability, 36 
pp. A group of four integrated articles 
covering all phases of electromechanical, 
electronic solid state, and magnetic modu 
lators. Typical circuit diagrams, character- 
istics, and applications are given for each 
type, plus an 84-item bibliography and 
tables listing commercial units. 65 cents 

477—Basic Data on Process Control, 24 
pp. A grouping of five articles on flow- 
process control, including Basic Concepts 
of Feedback Control, Selecting Loops for 
Critical Control, Direct or Reverse Con- 
troller Actions, Modifying Valve Charac- 
teristics to Fit the Process, and Using 
Capacitance for Accurate Level Measure- 
ment. 50 cents. 

476—How to Simulate Dead Time, 6 
pp. Three tricky techniques for simulating 
dead time or transport lag. One’s elec 
tronic, another is pneumatic mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con- 
cerned with process simulation. 15 cents. 
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for mV and temperature measurements 


automatic potentiometer recorder 


type PR 2210 


laboratory accuracy in an industrial 
instrument 


switcheable measuring ranges in a single 
unit 

e 4 chart-speed finger-tip operation 

® all parts easily accessible 

® ample room provided for incorporation of 
supplementary gear 

@ simple and sturdy construction 


@ reliable performance even-under the most 
severe conditions 


available: also with two-position or 
proportional control or for recording of 
up to 12 measuring points 


U.S.A.: Philips Electronics Inc., Instrument Division, 750, South Fulton Ave., MOUNT VERNON N.Y. 
Canada: Philips Electronics Ltd., 116 Vanderhoof Ave., TORONTO - Ontario 
Overseas inquiries: N.V. Philips’ Gloeilampenfabrieken - Eindhoven - Holland 
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SIMULATE PHYSICAL SYSTEMS 





IN REAL TIME OR 
REPETITIVELY 


WITH... Applied Dynamics 
Analog Computers. 


AD-1 Series analog computers are available 
with from 4 to 64 amplifiers for solution of vari- 
ous types of linear and non-linear equations. 

The AD-1-64PB features a removable prepro- 
grammed patchboard with up to 64 stabilized 
amplifiers, 80 coefficient potentiometers, 16 multi 
pliers, 8 function generators, and 20 diode net- 
works. 

The AD-1-32 and AD-1-16 feature a fixed 
patchboord system with up to 32 and 16 ampli 
fier capacity and non-linear equipment for maxi- 
mum economy. 

AD-1-64PB Modular design permits flexible arrangements 
to suit various operating requirements. 


Send for technical folder 


Applied Dynamics, Inc. 


ANN ARBOR, MICHIGAN ! sal 
Specialists in industrial and Process Instrumentation and Controls 
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What is “Pinpoint Recruiting’? 


It is the act of going directly to the most concentrated source of 
supply to secure ‘the right man’ for the job. 


Where your recruitment program calls for engineers experienced 
in measurement and control... or information systems... your 
most direct link to ‘the right man’ is in the pages of the publication 
he makes it his business to read. 


The man you need is the man who reads 


“HOW TO ATTRACT ENGINEERS” 


IS-A 20-PAGE FILE-SIZE BOOKLET DESIGNED Employment Opportunities Section ( @) | } © 
SONN PEOPLE. IT IS FREE . a ae 

eg Aa NNEL PEOPLE. | -_ Classified Advertising Division 

DAVID HAWKSBY Post Office Box 12 ra N Gil N E E R | a | e 


CLASSIFIED ADVERTISING DI 
0 yi IED ADVERTISING DIV New York 36, N. Y. INSTRUMENTATION AND CONTROL SYSTEMS 
CONTROL ENGINEERING 


BOX 12, NEW YORK.36, N.Y “py; A McGRAW-HILL PUBLICATION 











A MESSAGE TO AMERICAN 


INDUSTRY » ONE OF A SERIES 


How American Industry 
Points The Way To 
Sustained Prosperity in 1961 


Something new and very constructive is happening 
in American industry. It promises to add a major 
element of strength to business not only in 1961 but 
right along over the years ahead. 

What is happening is essentially this. American in- 
dustry is planning to continue to invest heavily 
in new and better producing facilities in spite 
of the fact that it has an excess of capacity to 
produce its present range of products. And, by 
doing so, business is helping to shape a stronger 
American economy. For the continuation of a high 
level of capital investment by business is one of the 
most important keys to sustained prosperity. 

News of this major new development in Americar 
industry is provided by the results of the McGraw-Hill 
Fall Survey of Business Investment Plans for 1961 
and 1962, presented in detail at the right. The 
McGraw-Hill investment surveys, now in their 13th 
year, cover a broad cross-section of American industry. 

How American industry is aiming to go ahead with 
a big investment program in spite of its present burden 
of excess producing capacity is highlighted by the 
plans of manufacturing companies. The McGraw-Hill 
fall survey finds that, on the average, these companies 
are using slightly less than 80 per cent of their pro- 
ducing capacity. They would like to be using well over 
90 per cent. 


Dramatic New Departure 


If historic investment patterns were being followed, 
our manufacturing companies, with only about 80 per 
cent of their capacity being employed, would be cut- 
ting back new investment programs drastically, and 
cutting down prosperity in the process, But — and 
here is the dramatic new fact — they plan almost 
no cut-backs in their investment programs. They 
plan to invest almost as much (within 3%) in 1961 as 
they are investing this year. And this year they are 
investing 19 per cent more than they did in 1959. 

There are two major reasons why American 
industry is unwilling to let its excess produc- 





PLANS FOR CAPITAL SPENDING 
(Billions of Dollars) 


1959 1960 1961 1960-1961 1962 
INDUSTRY Actual* Estimated* Planned % Change Planned 





Iron and Steel $1.04 $1.52 $1.37 —10% $1.18 
Nonferrous Metals a 34 4 0 32 
Machinery SH 1% if —3 1.11 
Electrical Machinery 52 £2 68 +10 63 
Autos, Trucks & Parts 64 89 SS +7 1.02 


Transportation Equipment 
(Aircraft, Ships, R.R. Eq’pt.) 39 Al at 110 35 


Other Metalworking 88 57 85 —12 87 
Chemicals 164 +2 

Paper and Pulp 53 15 4 —8 53 
Rubber 19 24 23 —4 20 
Stone, Clay and Glass 53 4&3 3 ti 55 
Petroleum & Coa! Products 2.49 +3 2.50 
Food and Beverages 82 94 S@ +85 47 
Textiles Al 53 A2 —21 40 
Miscellaneous Manufacturing 1.07 1.28 

ALL MANUFACTURING 12.07 14.33 

Mining 39 39 so —9 89 
Railroads $2. (1.04 19 —24 83 


Other Transportation 
& Communications 469 520 461 —11 4.18 


Electric And Gas Utilities 567 589 614 +4 6.01 

Commercial (1) 821 861 870 +1 8.54 

ALL BUSINESS 32.55 36.06 3507 —3 33.80 
*U.S. Department of Commerce, Securities and Exchange Commission, 
McGraw-Hill Department of Economics. 


(1) Figure based on large chain, mail order and department stores, in- 
surance companies, banks and other commercial businesses. 





ing capacity stall its investment in new facilities 
until the capacity is more fully used. One is that 
a lot of this capacity is obsolete and costly to 
operate. Increasingly rugged competition is creating 
a strong inducement to replace this antique capacity 
with modern, more efficient equipment which is widely 
available. 
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““R And D” Paves The Way 


The steel industry provides a good case in point. 
Despite an operating rate of little more than 50 per 
cent during the last six months, steel companies plan 
a total investment of nearly $1.4 billion in 1961. And 
though this is 10 per cent below their capital expendi- 
tures in 1960, it will still be the third highest year on 
record. 


incentive and wherewithal to continue a vigorous pro- 
gram of new investment. In addition, if price inflation 
were to begin surging again, it would eat away the 
power of depreciation reserves to purchase new plant 
and equipment. 


The allowances now permitted American industrial 
firms for the depreciation of their producing facili- 
ties are lower than those made in any of the industrial 





35 
28 


21 


1958 





Billion Dollars CORPORATE CASH FLOW 


Retained Profits 


Depreciation 


1959 1960 1961 
Source: U.S. Department of Commerce; McGraw-Hill. Department of Economics 








Also, new investment is required to tool up 
for the manufacture of the new products being 
spawned by the continuing boom in industrial 
research and development. This year, we are 
spending about $13 billion (that’s billion) for all re- 
search and development, about $9.6 billion of it 
through industry.* And out of it is coming the “know- 
how” for a veritable flood of new products, processes 
and equipment, most all of these calling for new pro- 
ducing equipment. Next year, American manufacturers 
plan to get 12 per cent of their sales in products that 
did not even exist four years ago. 


Key Role Of Depreciation Reserves 


A major reason why American industry can 
combine the desire to carry out big new invest- 
ment programs with the necessary financial ca- 
pacity to do it is to be found in the growth of its 
reserves for depreciation. This year, (1960), busi- 
ness has been in a s\jueeze between costs and the prices 
it could get for its products, This cost-price squeeze 
has reduced profits sharply. The total of profits for the 
year will be down about 5 per cent. 

Allowances for the depreciation of existing plant 
and equipment, however, have continued to rise. The 
result is that the so-called cash flow of corporations 
(their retained profits plus their allowances for depre- 
ciation) is the same this year as last. And this cash 
flow, shown in the chart above, makes a decisive con- 
tribution to financing new investment, 


Inflation Would Be Deadly 


If the sort of profit squeeze that has prevailed this 
year were to become chronic, it would blight both the 
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countries with which we are in increasingly tough 
competition. More adequate allowances would speed 
up the job of modernizing American industry. An 
earlier McGraw-Hill survey indicated that it would 
cost only slightly less than $100 billion to bring our 
nation’s plant and equipment up te date. 


But at this juncture, American industry’s 
eagerness and capacity to maintain a high level 
of investment capital is adding a great new ele- 
ment of constructive strength to the nation’s 
economy. 


*The significance of this boom for American industry is ana- 
lyzed in a new McGraw-Hill book, “The Research Revolution” 
by Leonard Silk, Economics Editor of Business Week. To- 
gether with other new business investment trends the “R & D” 
boom also constitutes a key part of another new McGraw-Hill 
book, “New Forces in American Business” by Dexter M. 
Keezer and associates — the November selection of the Busi- 


ness Book Club. 





This message was prepared by my staff asso- 
ciates as part of our company-wide effort to re- 
port on major new developments in American 
business and industry. Permission is freely ex- 
tended to newspapers, groups oc individuals to 
quote or reprint all or part of the text. 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY 
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BUSINESS OPPORTUNITIES - EQUIPMENT - USED or RESALE 


DISPLAYED RATES 


The advertising rate is $20.80 per inch for all advertising ap- 
pearing on other than a contract basis. Contract rates quoted 
on request. 

AN ADVERTISING INCH is measured 7% inch vert. on one col., 
3 columns—30 in. to a page. 

EQUIPMENT WANTED or FOR SALE ADVERTISEMENTS acceptable 
only in Displayed Style. 


UNDISPLAYED RATES 


$2.10 a line, min. 3 lines. To figure advance payment count 


5 average words as a line. 
BOX NUMBERS count as one additional line in undisplayed ads. 


DISCOUNT OF 10% if full payment is made in advance for 
four consecutive insertions of undisplayed ads. 








e NEW RELAYS « 
IN LARGE QUANTITIES 


AT FRACTION OF ORIGINAL COST 


Contact 

Arrange- Resist- 
Maker Type ment ance 
Advance /8769-ly 3A 
52JOCA- 1AIC 


80110 
7-JOZ-80030 SPDT 
None Pile 


Voltage 
38 Ohm §6VDC 
38 Ohm 6VDC 
16,000 Ohm 28VDC 


5000 Ohm 


Sigma 
Sigma 


Up Cont. 
3A3B «= 144 Ohm 


= 
A1B2C 
Cia 


SPST 
Clare B65369 1AiB 
RBM RB22300-14 1A1B 
Potter- 
Bromfield KF-1012-4 SP5T 
Minimum Order 


LIBERTY ELECTRONICS, INC. 


582 Broadway New York 12, N. Y. 
Phone: WA 5-6000 Cables: Telsersup 


1 SESS AR REE. Seems 
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& BBs 8888 


Phillips 2QA316A 
Control 


sw 
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SEARCHLIGHT Equipment 
Locating Service 


NO CHARGE OR OBLIGATION 


This service is designed to help 
you, the potential buyer of used, 
rebuilt or surplus equipment. 


Check the advertisements in 
SEARCHLIGHT section. If what 
you seek is not currently adver- 
tised, fill out the form below or use 
your company letterhead, giving 
complete specifications and mail to: 


the 


Searchlight Equipment Locating Service 
Classified Advertising Division 


CONTROL ENGINEERING 
P.O. Box 12, New York 36, N. Y. 


Your requirements will be brought 
promptly to the attention of the 
equipment dealers advertising in 
SEARCHLIGHT. You will receive 
replies directly from them. 


SEARCHLIGHT Equipment Locating Service 
CONTROL ENGINEERING 
Please help us locate the following: 
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9009000000600 0000C 00000008 


Sn? boli at: ors, 


{4 5, NO LONG 
-*:( SALES SPIEL... 


. but if you PURCHASE ELEC- 
JTRONIC TUBES or COMPO- 
NENTS you must have oa copy of 


oy — 1961 *”“GREENSHEET” 
ete catalog oe specialized in- 
dustrial TLECTRON TUBES and 
c EN featurteg BARRY 
ELECTRONICS savings to industry. 
Circle Reader Service Card =203 for 
your copy. 
We are one of the 
largest, diversified 
unused tubes. 
Factory Authorized Distributors For: 


® Hevi-Duty Electric Co. 
Control Transformers 


Lhboeoeo6 
voerrry 


country’s 
suppliers of 


® Cornell-Dubilier Capacitors 


® Westinghouse Special Purpose Tubes 
and Panel Meters 


® Nationol Electronics Power Tubes 





Miscellaneous Laboratory Test Equipment 
and a large assorted inventory of 
dustrial Meters and Tube and Relay Sockets. 





— HIGH QUALITY AT SENSIBLE PRICES — 


STRAIN 


CORPORATION 
512 BROADWAY NEW YORK 12, N. Y. 
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CIRCLE 203 ON READER SERVICE CARD 








DID YOU KNOW ... ? 


That when buyers are in the market for 
a specific piece of used or rebuilt equip- 
ment .. . they turn to the 


SEARCHLIGHT SECTION 








vane aa ee 


INPUT: - 


115 Volts-60 


14 Volts @ 2 
Amps 
Filtered and 
Completely Housed 
Excellent for 
industrial, Lab and 
Institutional use... 


$1495 
% STEPPING RELAYS > 


Resertable 12 
voc coils, 3 
deck, 10 pos. 
w/add. 1A & 1B 
contact at reset 
position 


$g%5 


Aavance Evectronics 


— 


scone 
F.0.B.—N.Y. 


+ New York 7 


CIRCLE 204 ON READER SERVICE CARD 


42A White St., 


CIRCLE 205 ON ym SERVICE CARD 
TA 





SAVE TIME & EXPENSE 
ON PURCHASING 


RELAYS 


1,200,000 } 
RELAYS 
in 20,000 
DIFFERENT TYPES 
MOST MAKES 


@ PRODUCTION QUANTITIES IN STOCK 


@ DELIVERY ON OFF-THE-SHELF ITEMS 
WITHIN 48 HOURS DELIVERY WITHIN 
ONE WEEK ON RELAYS REQUIRING 
ASSEMBLY AND/OR ADJUSTMENT 





WE DELIVER RELAYS 
NOT PROMISES 











SEND FOR CATALOG C 


WWW WWW 
RELAY CORP. 
New York (3, N. Y. 


niversa 


@ WAlker 5-9257 


GENERAL PURPOSE -— 
SPECIAL 2 for $1 
——_~4}_))|+— 
SILICON *750 Ma DIODES 


rms/ pw rms/ pw 


70/100 
29¢ 


_rms/ piv rms / pw 
140/200 210/300 
B4e 43¢ 
rms ptt rms/ pw rms / pit 
350,500 420/600 490/700 
70¢ $1.00 $1.25 


__rms pw : ¥ rms / piv ; 
700 1000 770/1100 
$2.00 $2.50 


citire input 


ISTRIBUTORS 


rms pi 

‘800 630 900 
$1.50 $1.70 
*Derate 20% for Ca 
EXPORTERS—OE M— 
WRITE 


$5 or more purchase of this item. .we pay p.p./U.S. 
Head ae for Transistors . . . Diodes . 
Recti . Transformers . . . Chokes .. . an 
Power “Sunstico—ia Any Size, 
“De Power Packages .. . 
Buy the Package . . . 
Write... 


d 
Type or Quantity! 
Whether You Build or 
We Provide Great Savings!”’ 
. Wire . Phone 





| WRITE FOR NEW.. .36 PAGE PARTS CATALOG | 


“TAR” ee Stee St., New York 6, N. Y. 
tor 2-62 
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Consult this handbook for... 
Practical guidance on 
instrumentation and controls 


for the mechanical services 


Here is a dependable 
source of data to help 
in selection, applica- 
tion, and design of 
instrumentation and 
control systems for 
the broad range of 
mechanical services. 
From basic facts on 
instruments to de- 
scriptions of com- 
plete control sys- 
tems, it presents a 
wealth of informa- 
tion on _ procuring, 
specifying, or using 
equipment for indus- 
trial, commercial, 
and institutional Just 


buildings. PUBLISHED 
HANDBOOK OF 
INSTRUMENTATION 
AND CONTROLS 
By HOWARD P. KALLEN 


Partner, Kallen & Lemelson, Consulting 
Engineers 
669 pages, 6 x 9, 520 illustrations, $15.00 
Terms: $5 in 10 days and $5 monthly 








This master ref- : 
erence gives you A Practical Manual 
vital facts on for the Mechanical 
virtually every Services Covering 
type of instru- 
mentation found Steam Plants, Power 
in the mechani- Plants, Heating Systems, 
cal services. It | Air-Conditioning Systems, 
treats pressure, - ° 
tempera - Ventilating Systems, 
ture, flow, liquid Diesel Plants, Refrigera- 
level, PH and § tion, and Water Treatment 
eonductiv- 
ity, combustion, 
and boiler controls in a manner useful to 
the application, operating, and design engi- 
neer. This engineering-oriented coverage is 
also applied to the discussions of turbine- 
generator, heating system, air-conditioning 
system, refrigeration, diesel engine, and 
other controls. Many diagrams, tables, 
charts, graphs, and other quick-reference 
aids are included to further clarify im- 
portant points, and typical practical appli- 
cations for all controls are described with 
illustrations showing exactly how they are 
used. For example, the book includes many 
completely illustrated control systems that 
clearly demonstrate modern practice in the 
field. This authoritative working tool saves 
you time and helps you insure more effec- 
tive use of controls. 











Some of the major areas covered 


Measurement of pressure and draft; temperature 
measurement; measurement of flow; measurement 


and control of liquid level; final control elements; | 


measurement and contro! of pH and conductivity; 
boiler instrumentation and control systems; control 
of heating and air-conditioning systems. 


SEE THIS BOOK 10 DAYS FREE 


McGraw-Hill Book Co., Dept. CON-1 

327 W. 41st St., New York 36, N. Y. 

Send me Kallen’s HANDBOOK OF INSTRUMEN- 
TATION AND CONTROLS for 10 days’ examina- 
tion on approval. In 10 days I will (check one) 7 
send you the full amount of $15.00; or [ $5.00 
then $5.00 a month until the full price is paid. 
Otherwise, I will return book postpaid. (We pay 
delivery costs if you remit with this coupon; same 
return privilege. ) 

PRINT 

Name 


Address .. 


Company 
Position 


For price and terms outside U.S., 
write McGraw-Hill Int’l., N.Y.C 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities-—execu- 
tive, management, technical, selling, office, skilled, manual, etc. 
Position Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Gureaus 
DISPLAYED ———RATES——— UNDISPLAYED 
The advertising rate is $42.80 per inch for all adver- $2.10 per line, minimum 3 lines. To figure advance 
tising appearing on other than a contract basis payment count 5 average words as a line. 
Contract rates quoted on request. Box Numbers—count as 1 line. 


An advertising inch is measured %” vertically on a Discount of 10 % if full payment is made in advance 
column—3 columns—30 inches to a page. for 4 consecutive insertions. 


Subject to Agency Commission. Not subject to Agency Commission 


Send NEW ADS to Classified Advertising Div. of CONTROL ENGINEERING, P. 0. Box 12, N. Y. 36, N. Y. 








‘| SWARTWOUT DIVISION 
GENERAL CRANE C0. 


MA N AG E R | Senior Electronic Engineer 


Outstanding opportunity for experienced 
circuit design and development engineer, 
preferably with industrial instrumentation 
and control background. 


MS degree in Physics or equivalent. 
To develop and manufacture control 
systems of electro-hydro-mechanical 
design. Capable of managing a ; ; . 
Division through budgets and pro- Write Manager of Engineering 
duction charts; and able to negotiate | 

major contracts. Must have knowl- SWARTWOUT DIVISION CRANE C0. 
edge of electro-hydraulics, simula- Hooksett Industrial Park 
tion, fluid flow, control circuitry, | Manchester, New Hampshire 
and the latest control techniques. 














Company is a leader in the design ADDRESS BOX NO. REPLIES TO: Bor No. 
of integrated control systems for Classified Adv. Div. of this publication. 

° itionin nd dynamic | Send to office nearest you. 

high speed positioning and dy NEW YORK 36: P. 0. Bow 12 

control of processes for Govern- CHICAGO 11: 520 N. Michigan Ave. 
ment research and development | SAN FRANCISCO 4: 68 Post St. 
facilities and for industry. Apply 


in writing only. SELLING OPPORTUNITY AVAILABLE 











Representatives desired by manufacturer of 
| Industrial Electronic Instruments and Con- 


trols. RW-5648, Control Engineering. 
CompuDyne | a 


POSITION WANTED 


Corporation Scapa Systems Engineer: B. Eng. (Chem- 


ical) 1950. Enterprising. 10 years in- 
400 S. WARMINSTER RD. strumentation and control systems experi- 
HATBORO, PA. ence in chemical industry. Particularly 


strong interest in computer control and 





comprehensive information processing sys- 
tems. Management interests—ultimate goal. 





Challenging position sought with progressive 
firm in Systems Engineering & Controls, 


ADVANCED RESEARCH Chemical or Petroleum field. PW-5769, 


Control Engineering. 
& 


DEVELOPMENT POSITIONS “Put Yourself in the 


Other Fellow’s Place” 





SYSTEMS ENGINEER—B.S.M.E. or B.S.E.E. 
po te age Ba — ee — = the 
analysis an esign o ack control systems 

and components. Work will include the use of TO EMPLOYERS 
anciegee = am se eg & contro! of 
ydraulic and pneumatic systems. so experience 
or interest in either of the following: Hydraulic 

and/or pneumatic background desirable or exper. To EMPLOYEES 
ence and — in digital and pulse control 


eyvtoms Conrabie. | Letters written offering Employment or 
DESIGN ENGINEER—(hydraulics)—Engineering | applying for same are written with the 
egree, experienced designer to perform design hope of satisfying a current need. An 
a ge 9 = layout of a oa, mene. answer, regardless of whether it is favor- 
valves an ot gas components. us we the ab 
ability te erisinate age design concests, Faumierny able or not, is usually expected. 
with aircraft and missile design requirements de- ’ 
sirable. Position requires knowledge of fluid MR. EMPLOYER, won't you remove the 
hani stress lysis, materials selection and mystery about the status of an employee's 
fabrication techniques. Please send resume to application by acknowledging all ap- 
Mr. R. E. Barlow. ——— and not just the promising can- 
didates. 


MR. EMPLOYEE you, too, can help by 
VICKERS INCORPORATED | acknowledging applications and job offers. 
Division of Sperry Rand Corp. | This would encourage more companies to 
Administrative & Engineering Center answer position wanted ads in this sec- 

P.O. Box 302 Detroit 32, Michigan tion. 


We make this suggestion in a spirit of 




















helpful cooperation between employers 
and employees. 











This section will be the more useful to all 


THIS EMPLOYMENT OPPORTUNITIES SEC- as a result of this consideration. 
TION offers a quick, effective solution to ; ie ea 
your manpower problems. Because its | | Classified Advertising Division 
readership is confined to just the type of 


men you need, waste circulation is | | MCGRAW-HILL PUBLISHING CO., INC. 


avoided. 330 West 42nd St., New York 36, N. Y. 
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——MOOG SERVOCONTROLS, IN.——= 


has opportunities for: 


PRODUCT DESIGNER: 


B.S.M.E. or equivalent plus 8 to 10 years experience in design of precision 


products to provide technical direction to layout draftsmen and designers engaged in design of 


servomechanisms. 
and shop practices essential 
visory responsibility 


Thorough knowledge of drafting practices plus broad knowledge of machining 
Position is primarily technical and carries a minimum of super- 


EXPERIMENTAL ENGINEER: M.E. or E.E. graduate with 1-3 years experience in servo component 


aa and/or epee 
developmen 


Position involves the design, test, and evaluation of assigned 


roduct 
PROJECT DESIGN ENGINEER: Beslan. develop and evaluate hydraulic, pneumatic, and electrical sys- 


tems in a variety of products 


or our newly created Industrial Division. 


Project responsibilities 


through production. 4-6 years design background and understanding of production process, 
drafting, materials and costs. Creative, mechanically oriented engineer required. 


Our rapid growth has created these, 


and other opportunities in our engineering 


oriented Company located in suburban Buffalo. 


MOOG SERVOCONTROLS, INC. 


East Aurora, New York 














MOTOROLA—Phoenix 
Immediate Opportunities 


for ENGINEERS 


In a new Industrial Department 

As members of a small group 

Working with advanced solid state tech- 
niques for telemetry and process control 
With excellent growth potential and 
profit-sharing security 


Transducer Design Engineer — Respon- 
sibility for the production design of a 
new line of transducers for industrial 
application. Thoroughly familiar with 
practical mechanical design aspects of 
precision electro-mechanical devices for 
measuring pressure, differential pres- 
sure, temperature, etc. Pertinent ex- 
perience, industrial or military, will be 
considered. 


Mechanical Design Engineer—Skilled in 
techniques of production design of 
small electro-mechanical devices. Indus- 
trial experience preferred. 

Transistor Circuit Design Engineer—Ex- 
perienced in design techniques of all 
types of transistor circuits for economi- 
cal production. Prefer experience in 
industrial area, but pertinent military 
experience will be considered 


Send complete resume to 
CHUCK SWARTWOUT 


Solid State Control Dept. 
MOTOROLA 


Military Electronics Division 
P. O. Box 1417, Scottsdale, Arizona 








Salary $12,000 Per Year 
Graduate Engineer with 3 yenre experience in heat 
transfer, combustion, refrigeration or Electronic 
Power Supplies. Company client assumes all em- 
ployment expense. 
ESQUIRE PERSONNEL 
202 S. State St. Chicago 4, Ill. 











aerate College ¥ Vechaslogy 





hi c 
shire, g 


Applications are invited ior the post of DIR 
TOR OF DIGITAL COMPUTER OPERATION. 
This new appointment arises from the installation 
of a medium-sized digital computer for teaching 
and research purposes within the College, with the 
aim of extending the influence of the computer on 
the teaching of science and technology. The 
Director will be directly responsible to the Princi- 
pal, and assistant staff will be appointed shortly. 
Wide knowledge and extensive experience of the 
use of a computer as a mathematical tool in the 
solution of engineering problems is required. 
Salary will be in accordance with the scale for 
Principal Lecturers (£1,750-£1,900 men, £1,700- 
£1,900 women) and the appointment will date from 
ist January, 1961, or as soon as possible thereafter. 


Forms of application and further particulars 
ay obtained from the Academic Registrar. 
(in reply please quote ref. 24/BE.) 


Expanding Opportunities in 


Industrial 
Instrumentation 
with R.1.G. 


The Ridgefield instrument Group, a 
division of the Schlumberger 
Corporation, is po me | widening its 
research and d 

to include the abilities of more 
creative engineers and scientists. 





Challenging openings 
now exist for: 


ELECTRONIC DESIGN 
ENGINEER 


BS or MS/EE with a minimum of 5 
years experience in tube and transistor 
circuit design. You must have 

the ability to analyze continuous 

and pulsed circuits and be able 

to develop original designs. 


At RIG you will design advanced 
circuitry and control instruments and 
establish sub-system specifications. 
You must assume project responsibility 
through prototype stage. 


INSTRUMENT 
ENGINEER 


BS in either Mechanical or Chemicai 
Engineering, Engineering Physics or 
Physical Chemistry with 3-5 years 
experience in instrument design and 
application for the process industries. 
You must have creative ability in 
reducing ideas, theory and inventions 
to practicality. You should have 
knowledge of selection, application 
and maintenance of process control 
instrumentation. 


send resume to 
Director of Engineering 
P.O. Box 337 


Ridgefield 
Es. 


Division of Schlumberger 














CHIEF ame ENGINEER 
20,0 


Nationally known capeniaty expanding electro- 
mechancal-electronic instrument and control firm 
needs chief production engineer. He will head up 
planning, purchasing, and the electro-mechanical 
shop activities. Grow with company. Fee paid. 
CONTACT LEW MUSGRAVE 
MONARCH PERSONNEL 
28 EAST JACKSON CHICAGO 4, ILLINOIS 
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EMPLOYMENT OPPORTUNITIES 


——— 
- ~ea, 


eae 
mentation 
Engineer 


Lockheed Missiles and Space 
Division's growing researct 
oratory, engaged in energy 
version research, has opene 
challenging position for a 
petent Instrumentation Engineer 
3 to 8 years’ experience in the 
design and development of pne 
matic and electronic instrument 
tor chemical processes and 
Operations are required 

Work includes tailoring 
adapting instruments to suit s 
applications as high te 
ture, process pilot plants 
cal and chemical measurement 
and process control. Tt 
excellent opportunity for a 
petent man well versed 
tundamentals of process fee 
back control and electror 
contro! devices, 


INSTRUMENTAL 
TECHNICIAN 


Some college training with a min- 
imum of 3 years’ experience in a 
chemistry or physics laboratory 
Please send a detailed techni- 
cal résumé to Mr. R. C. Birdsall, 
Lockheed Missiles and Space 
Division, Dept. M-10, 962 West 
El Camino Real, Sunnyvale, Calif. 
U.S. citizenship or existing 
Department of Defense industrial 
security clearance required. 


Lockheed 


MISSILES 
AND 
SPACE DIVISION 


eee 





ADVERTISING IN THIS 


AC Spark Plug, Electronics Division 
of General Motors 
AMP Incorporated 
Allen-Bradley Company... .F 
Amco Engineering Company Hays Corporation, The 
American Measurement and Control, Hermes Electronics Company 
Inc. ° 5 Hewlett-Packard Company .. 
American Optical Company Holtzer-Cabot Motor Division, Na- 
Anelex Corporation tional Pneumatic Company, Inc. 


Applied Dynamics, Incorporated. . . . Hoskins Manufacturing Company. . . a 
Assembly Products, Incorporated. . . ’ 
1 


Automatic Electric 

Automatic Switch Company 

Automation we Corpora- 
tion 


Guardian Electric Manufacturing 
Company 
Gurley, W. & L. E 


Industrial Electronic Engineers, Inc. 
Inland Motor Corporation of Vir- 


KLM Royal Dutch Airlines 

Kearfott Division, General Precision, 
Inc. ; 

Kidde Aero-Space Division, Walter 
Kidde & Company, Inc 

Kintel, Division of Cohu Electronics 
Inc. 

Krohn-Hite Corporation 


B/W Controller Corporation 
Bailey Meter Company 
Barton Instrument Corporation. 
Beaver Precision Products, Inc. . . 
Bell Telephone Laboratories 
Bendix Corporation, The 
Computer Division 
Eclipse-Pioneer Division. . . . 
Research Laboratories 
Bourns, Inc. 
Budd Company, 
Burroughs Corporation, 
Tube Division 


Laboratory for Electronics, Inc 

Lambda Electronics Corporation. ... 122 

Librascope, division of General Pre- 
cision, Incorporated Second C over 

Lincoln Laboratory 

Litton Systems, Incorporated Com- 
puter Systems Laboratory 

Los Alamos Scientific Laboratory... 46 


Electronic 


Clare & Company, C. P 
Clifton Precision Products Co., Inc 
Computer Engineering Associates, 


Inc. Mack Electric Devices, Inc 


. Computer Measurements Company N aw-Hill ; 
Computer Systems, Incorporated. .. A: Ren Se A - 


Conoflow Corporation 


1 
Cubic Corporation ... ae 33, @, 


Minneapolis-Honeywell . 
Boston Division 

Minnesota Mining & Manufacturing 
Company, Mincom Division. . 


Daven Company, The y 
Muirhead & Company, Lt’d 


Daystrom Inc., Potentiometer Divi- 
132, 
DeJur-Amsco Corp., Electronics Div. 
Delco Radio Div. of General Motors 
Donner Scientific Company 
Dressen-Barnes Corporation ...... 
Dynamics Research Corporation. . . . 


National Acme Company, The 

Norden Division, Ketay Department, 
United Aircraft Corporation 

Norden Division, Milford Depart- 
ment, United Aircraft Corporation 137 


Electric Regulator Corporation John Oster Manufacturing Company 106 


Flectro-Mech Corporation 

Electro Switch Corporation 
Electronic Associates, Inc. 
Electronic Engineering Company of 

California 

Electronic Measurements Company 
Electronic Specialty Company. = 
Elgin National Watch Company. ba 
Epsco- West, a division of Epsco, Inc. 


Philco Corp., Lansdale Division.... 62 
Phillips Electronics Incorporated. ... 181 
Pic Design Corporation 78 
Polarad Electronics Corporation... . 
Potter & Brumfield < 
Precision Instrument Company 


Radio Corporation of America 





Fischer and Porter Company 
Fisher Governor Company. . 
Foxboro Company, ° 


Friden, Incorporated : 
BOSTON 16: G. Stewart Baird Jr., 


ISSUE 


Research Incorporated 
Rosemount Engineering Company.. 176 


Seneca Falls Machine 
Electronics Division 

Servomechanisms, Incorporated .. . 

Servospeed Div. of Electro Devices, 


Company, 
173 


Inc. 
Sigma Instrument, Inc 
Space Technology Laboratories, Inc. 
Stevens Arnold Incorporated. . 
Struthers-Dunn, Inc. 
Superior Tube Company. 


Tally Register Corporation 

Taylor Instrument Companies. .8, 9, 102 

Technology Instrument Corporation 
Third Cover 

Teletype Corporation —— 

Tensor Electric Development Com- 

pany, Inc. 

Thermo Electric C Sompany, Inc. 

Trinity Equipment Corporation . 

Tung-Sol Electric Incorporated 


Vickers Inc. Div. 


of Sperry Rand 
18, 


Wallace & Tiernan Incorporated... 147 
Walter Kidde & Co. Inc., Kidde 
Aero-Space Division ........... 144 
Wang Laboratories, Inc ] 
Westinghouse Electric Corporation 52 


53 
Wright Machinery, Division 


CLASSIFIED ADVERTISING 
F. J. Eberle, Business Manager 
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EQUIPMENT 
(Used or Surplus New) 
For Sale 


ADVERTISERS INDEX 


Advance Electronics 

Barry Electronics 

Compudyne Corp. 

Esquire Personnel 

Liberty Electronics . 

Lockheed Missiles & Space Div. 
Loughborough College of Technology .... 
Monarch Personnel 

Moog Servocontrols Inc. 

Motorola Military Electronics Div. 
— Division of Crane Co........ 
A 


Universal Relay Corp. 
be Incorporated Div. of Sperry Rand 
1 


Ridgefeld Instrument Group, Div. of 
Schlumberger 


District Managers 


ATLANTA 9: R. H. Powell, 1375 Peachtree Street N.E., 875-0523 
McGraw-Hill Bldg., Copley Square, COngress 2-1160 


CHICAGO 11: Milton J. Steinbraker, 520 N. Michigan Ave., MOhawk 4-5800 


CLEVELAND 13: Edward H. Walker Jr., 


Garrett Corporation 175 
DALLAS 1: James R. Pierce, Vaughn Blidg., 


General Electric Company 


55 Public Square, SUperior 1-7000 
1712 Commerce St., 


Riverside 7-5117 


Computer Department , 61 
Schenectady 115 
General Kinetics Corporation. . .152, 153 
Gerber Scientific Instrument Co., 
The 
Globe Industries, Inc 
Graphic Controls Corporation. .134, 135 


188 


DENVER 2: John W. Patten, Tower Bldg., 1700 Broadway, ALpine 5-2981 
HOUSTON 25: Gene Holland, W-724 Prudential Bldg., JAckson 6-1281 

LOS ANGELES 17: Gene A. Fruhling, 1125 W. Sixth ‘St., HUntley 2-5450 

NEW YORK 36: J. M. Morris, John B. Brennan, 500 Fifth Ave., OXford 5-5959 
PHILADELPHIA 3: William F. Buehl, Six Penn Center Plaza, LOcust 8-4330 
SAN FRANCISCO 4: W. C. Woolston, 68 Post St., DOuglas 2-4600 

LONDON E.C. 4, ENGLAND: Malcolm Thiele, 95 Farrington St. 
FRANKFURT-MAIN, Germany: M. R. Zeynel, 86, Westendstrasse 
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<Ta . BLECTOMIC 


» 


oy B22" CLUTCHES and BRAKES 


Both the Electomic Dry Magnetic Particle Clutch and Brake feature: 
¢ Fast response time — better than 5 milliseconds 
e Excellent linearity —- an important factor in computers 
e Few moving parts — to assure long life operation 
e High torques ¢ Smoothness ¢ No Chatter 


When TIC’s Electomic Clutch is energized the magnetized 
dry particles lock the input shaft to the output shaft. 
The design of. the Elec- ‘ When deenergized, the shaft is released. 
tomi M ic Pow- } : : : . , 
- Bag on leg a ‘ ) When the itera Brake : — by direct tpt 
transmits high torque .90 7 the magnetzec — les loc the sha t to the outer hous- 
jin.-Ib. per watt of input “a ing. When deenergized, the shaft is free to turn. 


power. : 7 bay ood . 
Compact Electomic Clutches and Brakes are available in 


larger and smaller sizes than shown, to meet customer 
specifications. Permanently sealed ball bearings never need 
lubrication. 

Speed: 5000 RPM max. 

Output Inertia: 1.85 gr.-cm* 

Inpyt Inertia: 21.5 gr. cm* 

Weight: 8 ounces max. . ge Seb ie The Electomic Brake is 


Resistance: 140 ohms +5% a Arps Cengney ee ow 
: i and very high braking 
Dielectric Strength: 500 VDC ‘capacity, with excellent 
Life: 100,000 clutch cycles ; : stability and long life. 
min. 3 Hi ; 


F x 2 eal — sa 
Response Time: Better than F TYPICAL VALUES 
5 ms. | ° OF TORQUE VS 
— watts 


Environmentally tested to 


meet or exceed Mil-E-5272C ¢ 11 Brake Torque: Greater 


than 2.5. in.-lb. per 
watt of input power 
3 ea Speed: 5000 RPM max. 
Both Electomic Clutches and Brakes can be manufactured Total Inertia: 2.0 gr. cm? 
to customer specification voltage requirements and shaft ATING LINE . Weight: 8 ounces max. 


configurations, other than standard. Resistance: 3000hms +5% 


Submit your clutch and brake needs to TIC engineers 2 3} Dielectric Strength: 500 VOC 


for quotation. 5 | | TYPICAL VALUES Life: 100,000 braking cycles 
a —| OF TORQUE vs. +— min. 
: c : 
Brochure will be sent upon request. es Response Time: Better than 
5 ms. 
Environmentally tested to 
meet or exceed MIL-E-5272C 


WATTS INPUT TO 


TECHNOLOGY INSTRUMENT CORPORATION 


523 MAIN STREET, ACTON, MASSACHUSETTS 
SUBSIDIARIES 


¢ Acton Laboratories, Inc., Acton, Mass. * Technology Instrument Corp. of California, Newbury Park, Calif. 
Technology Instrument Corp. of Arizona, Tucson, Ariz. ¢ Technology Instrument Corp. of Illinois, Franklin Park, Ill 
*« Technology Instrument Corp. Plant 5, Canton, Mass. 
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Quality Appearance 
Quality Operation 


Specify Allen-Bradley’s line of OILTIGHT CONTROL STATIONS 


Allen-Bradley oiltight units and stations harmo- 
nize with the trim lines of modern machine tools 
—they look as if they were a part of the machine. 
Also, from the wide selection of control units, 
you'll be able to satisfy every operating require- 


ment. A-B control units are positively oiltight — 
impossible for oils and cutting fluids to foul the 
contacts. And the silver contacts assure reliable 
operation. The rugged construction and generous 
wiring room of all A-B stations are valued by the 


installation engineer. Insist on Allen-Bradley 
pilot control units and stations—you can’t make 
a mistake! Send for Publication 6090. 

















QUALITY 
MOTOR 
CONTROL 


“ALLEN -BRADLEY 


Member of NEMA 


Allen-Bradley Co., 210 W. Greenfield Ave., Milwaukee 4, Wis. © In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 























